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1 . 0  SUMMARY 


"A  preliminary  operating  model  (POM)  for  the  Pneumatic  Control 
Device  (PCD)  has  been  developed  and  is  in  line  with  the  referenced 
contractual  requirements.  The  PCD  preliminary  design  was  formu¬ 
lated  and  documented  in  the  31  Augus4  ,  1977  Interim  Technical 
Report.  Development  effort  for  the  pneumatic  control  POM  includes 
the  completion  of  all  detail  drawings  and  their  revisions,  bread¬ 
board  tests  of  the  reentry  sensor  and  gas  generator,  fabrication 
of  POM  parts,  assembly  and  evaluation  of  the  first  POM,  gas  genera¬ 
tor  tests  with  POM  parts  for  the  generator  and  valve,  interface 
and  demonstration  of  PCD  with  SACA  POM  units,  preparation  for  and 
completion  of  the  twelve  (12)  contractually  requz.red  gas  generator  tests, 
support  of  the  five  (5)  gas  generator/turboalternator  compatibility 
tests  at  Garrett,  analysis  and  verification  testing  of  cold  gas 
generator  anomally  observed  during  compatibility  tests,  completion 
of  the  preliminary  safety  and  reliability  analysis,  and  preparation 
of  associated  software. 


2.0  TECHNICAL  REPORT 
2.1  Requirements 

Phase  I  requirements  are  to  conceive,  design,  develop  and  test  a 
preliminary  operating  model  of  the  PCD,  meeting  the  contractual 
statement  of  work.  This  final  report  documents  the  program  effort 
throughout  the  contract  covering  the  l’OM  development  and  test. 


\ 


2.2  PCD  Description 


A  brief  description  of  the  PCD  preliminary  design  will  be  presented 
in  the  following  paragraphs.  For  a  more  detailed  description  refer 
to  the  31  August,  1977  Interim  Technical  Report. 

The  PCD,  shown  in  Figures  1  and  2,  and  3  is  a  dual  channel,  failsafe, 
electromechanical  device  consisting  of  two  motor  driven  control 
valves,  two  code  operated  enable  mechanisms  and  two  hot  gas  genera¬ 
tors.  The  function  of  the  PCD  is  to  produce  hot  gas  for  the  Warhead 
Power  Converter  Assembly  (WPCA)  turboalternator  upon  receipt  of  the 
correct  type  and  sequence  of  electrical  signals  from  the  Safing/ 
Arming  Control  Assembly  (SACA).  The  WPCA,  PCD  and  SACA  are  compo¬ 
nents  of  the  Pershing  II  Missile  Adaption  Kit. 

A  reentry  sensor  initially  intended  to  be  an  integral  part  of  the 
PCD  was  developed  as  a  separate  unit.  The  function  of  this  device 
is  to  respond  to  missile  deceleration  and  close  a  normally  open 
switch  external  to  the  PCD  valve  driver  power  circuit.  This  POM, 
as  shown  in  Figures  4  and  5,  is  a  dual  channel  unit  consisting 
of  two  rotary  switches,  two  5g  deceleration  sensors,  two  rotary 
solenoid  detents  and  a  monitor  switch. 

In  order  for  the  PCD  to  operate,  i.e.  supply  hot  gas  to  the  WPCA, 
the  control  valve  must  be  driven  from  the  safety  vent  to  the  armed 
position  with  a  SACA  good  separation  signal.  Then  the  gas  generator 
must  be  initiated  t.  /  a  SACA  firing  signal.  Two  valve  shaft  locks  and 
one  switch  have  to  be  activated  by  the  PCD's  enable  mechanism  prior 
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to  the  SACA  drive  signal  or  the  gar.  generator  will  dud.  Also  a  switch 
has  to  be  closed  by  the  valve  drive  mechanism  prior  to  the  firing 
signal  or  the  generator  will  dud. 

The  valve  enable  mechanism  rotates  its  output  shaft  240  degrees 
for  unlock,  in  a  series  of  twelve  (12)  coded  steps  at  a  rate  of 
32  milliseconds  per  step.  The  SACA  provides  each  channel  of  the 
enabler  with  a  coded  signal  consisting  of  a  4-line-12-bit  code  with 
a  synchronized  clock  pulse  to  drive  the  enable  mechanism  through  each 
step  checking  the  electrical  code  against  the  mechanical  code  wheels. 
If  the  proper  code  is  received,  the  enabler  will  complete  its  rota¬ 
tion  which  mechanic? lly  unlocks  the  control  valve's  internal  ball 
detent  and  the  cam  lock  in  the  valve  driver's  gear  train.  Also  at 
the  end  of  this  rotation  the  enable  mechanism  electrically  connects 
the  valve  driver  to  the  good  separation  circuit. 

The  valve  drive  mechanism  requires  a  signal  from  the  SACA  to  power 
the  drive  motor  rotating  the  control  valve  120  degrees  to  the  arm 
position  after  the  norma] ly  open  enable  mechanism  switch  has  been 
activated.  The  rotation  of  the  valve  drive  shaft  provides  for  the 
alignment  of  the  valve  through  a  geneva  mechanism  and  the  removal 
of  a  shunt  on  the  gas  generator  initiators  by  clos^.ig  the  switch 
from  the  initiators  to  the  firing  circuit. 

When  the  gas  generator  is  initiated  by  the  SACA  firing  signal  a 
hot  gas  is  produced  for  a  minimum  of  55  seconds  with  a  boost  for  a 
maximum  of  the  first  5  seconds  operating  the  WPCA  turboalternator. 


The  gas  generator  is  attached  to  the  control  valve  with  four  (4) 
bolts  and  four  (4)  connectors  such  that  it  can  be  removed  for  system 
testing.  The  initiator  leads  protrude  from  the  generator  housing 
as  male  pins  to  mate  with  female  connectors  in  the  control  valve. 

An  adapter  can  be  attached  to  the  valve  allowing  for  a  cold  gas  test 
of  the  system. 

The  entire  PCD  mechanism  can  be  actuated  through  complete  duty  cycles, 
including  the  flow  of  cold  gas  through  the  valve  and  transfer  tubing. 
The  actuated  PCD  can  be  reset,  first  electrically,  then  mechanically 
and  then  pulsed  with  a  clock  signal  to  position  the  code  wheels  at 
zero.  If  an  error  is  introduced  into  the  coded  input,  the  enable 
mechanism  will  dud  prior  to  unlock  and  can  be  reset  by  mechanical 
means  only. 

2 . 3  POM  Demonstrations 

A  preliminary  operating  model  (POM)  for  the  Phase  I  PCD  design  was 
fabricated  and  assembled  during  the  fifth  through  ninth  months  of 
this  program.  Also  during  this  time  a  complete  set  of  POM  detail 
drawings  were  prepared  and  revised  during  the  assembly  effort.  Sub- 
assemblies  were  put  together  and  evaluated  as  the  POM  parts  became 
available.  Bench  tests  for  fit  and  function  were  performed  for  the 
appropriate  mechanical  and  electrical  subassemblies. 

The  POM,  as  shown  in  Figures  6  through  11,  consists  of  dual  valve 
enable  and  drive  mechanisms  packaged  inside  an  aluminum  housing. 

The  SACA  electrical  inputs  are  hard  wired  through  a  connector  to  the 
PCD  components.  Monitoring  circuits  were  available  but  not  connected 
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FIGURE  9  PCD  MODEL 


FIGURE  10  PCD  MODEL 


for  the  POM  demonstration.  Integral  with  the  top  housing  are 


two  control  valves  and  their  mating  gas  generators.  The  wires  from 
the  male/female  pin  type  connectors  for  the  gas  generator  run  in¬ 
side  the  sealed  control  valve  to  the  enable  and  drive  housing.  Both 
gas  generators  for  the  POM  are  inert  assemblies  of  metal  parts  only. 
The  POM  control  valves  are  assembled  to  operate  with  the  drive 
mechanism  and  not  during  a  hot  gas  firing  as  discussed  in  the  valve 
development  section. 

An  early  POM  was  assembled  for  display  during  the  PII  Safety  Review 
Meeting  at  ARRADCOM  the  week  of  14  November  1977.  One  channel  of  the 
enable  and  drive  mechanism  was  functior.il  at  this  time. 

This  component  was  assembled  into  the  PCD  housing  with  both  control 
valves  and  inert  gas  generators.  Electrical  connectors  used  to 
provide  a  disconnect  capability  for  the  generator  and  valve  were 
included  in  the  POM.  The  enable  and  drive  mechanism  was  not  demon¬ 
strated.  This  early  POM  was  strictly  a  display  unit. 

Several  modifications  to  the  POM  enable  and  drive  mechanism  were 
required  before  the  first  demonstration.  No  modifications  were  re¬ 
quired  to  the  POM  control  valves  or  inert  gas  generators. 

The  first  channel  of  the  coded  enabler  was  adjusted  during  November 
to  accept  the  required  code  and  lock  up  for  an  incorrect  code  in  any 
of  the  twelve  code  bits.  The  enable  device  locking  mechanisms  for 
the  control  valve  required  adjustments  to  operate  the  valve  properly. 
When  the  cam  surfaces  were  modified,  they  would  lock  and  unlock  the 
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control  valve  as  required  during  drive  and  reset.  The  valve  drive 
subassembly  was  operational  and  did  not  require  modification  during 
assembly. 

A  second  channel  of  the  enable  and  drive  mechanism  was  assembled  for 
a  POM  demonstration  at  Avco  the  19th  and  20th  of  December,  1977.  At 
this  time  the  enable  units  functioned  through  twelve  (12)  code  posi¬ 
tions  and  were  pulsed  to  the  eighteenth  position  by  the  SACA  elec¬ 
tronic  simulator.  This  opened  the  valve  driver  switch  during  the 
good  separation  signal  preventing  the  operation  of  the  motorized 
control  valve. 

The  first  POM  demonstration  met  with  limited  success  due  to  the 
extra  code  pulses  but  proved  the  SACA  12-bit  code  signal  would 
function  the  PCD  enabler.  Avco  determined  the  SACA  could  readily  be 
changed  to  issue  only  twelve  (12)  code  bits. 

Before  the  next  demonstration  both  the  SACA  and  PCD  units  required 
changes  stemming  from  the  first  POM  interface.  The  PCD  reset 
mechanism  for  the  coded  enabler  required  modification  to  assure  the 
zero-code  position  after  reset.  When  reset,  the  POM  would  intermit¬ 
tently  stop  at  the  first  code  position  and  be  our  of  sequence  to 
receive  the  code.  As  such  the  coder  would  lock  up  between  the  off- 
code  stop  and  the  reset  stop.  To  correct  this  problem,  the  reset 
mechanism  was  changed  to  drive  the  coder  one  position  beyond  the 
zero  start  and  required  a  clock  pulse  to  step  the  coder  into  the 
zero  position.  This  position  can  be  monitored  by  the  closing  of  the 
enable  mechanism  telemetry  switch.  Also  the  POM  was  evaluated  for 
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possible  design  weaknesses  by  bench  tests  prior  to  the  second 
demonstration.  Areas  of  the  POM  that  were  up  graded  after  this 
evaluation  included  the  code  limit  cam's  back  stop  pawl,  the 
friction  clutch  in  the  valve  driver,  the  geneva  output  wheel  attach¬ 
ment  to  the  drive  shaft,  the  code  probe  positioning  through  the 
permanent  magnet  assembly,  the  routing  and  fastening  of  the  code 
solenoid  wires. 

A  demonstration  of  the  POM  units  was  performed  during  the  SACA/ 
PCD/WPCA  Technical  Review  Meeting  at  Avco  on  the  5th  of  January. 

When  the  PCD  model  was  assembled  for  this  meeting  a  code  solenoid 
in  channel  one  was  found  to  be  inoperative.  The  solenoid  was  in  and 
out  of  the  assembly  so  many  times  during  evaluation  that  the  lead 
wires  became  disconnected  from  the  solenoid  windings.  There  was  not 
enough  time  to  correct  this  problem  prior  to  the  second  POM  demon¬ 
stration.  Channel  two  functioned  completely  accepting  the  coded 
signal  from  the  SACA  simulator  which  unlocked  the  control  valve  and 
drove  the  valve  to  the  armed  position.  The  single  channel  POM  was 
electrically  and  mechanically  reset  and  successfully  rerun  three  times. 
After  this  demonstration  the  damaged  code  solenoid  in  channel  one 
was  replaced  and  the  POM  was  fully  operational. 

For  the  next  three  POM  demonstrations  at  Avco,  both  channels  of  the 
PCD  functioned  completely  and  repeatedly.  The  SACA  electronics  and 
S&A's  went  through  several  revisions  between  these  tests  to  improve 
the  PASO  and  ESAD  codes  sent  to  the  SACA  microprocessor  and  to 
correct  the  SACA  code  sent  to  the  PCD.  Until  the  last  demonstration 
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the  PCD  was  operated  by  a  SACA  electronic  flight  simulator  and  not 
the  actual  SACA  POM  devices.  For  the  last  test  the  SACA  micro¬ 
processor  was  reprogrammed  to  send  the  correct  code  to  the  PCD 
when  the  S&A  codes  were  stored  in  its  memory.  The  PCD  was  connec¬ 
ted  to  the  SACA  units  and  all  the  PII  POM's  were  sequenced  to  simu¬ 
late  missile  trajectory.  Both  channels  of  the  POM  enable  and 
drive  mechanisms  unlocked  the  control  valve  and  drove  the  valve  to 
the  armed  position.  The  PCD  model  was  electrically  and  mechanically 
reset  and  rerun  three  (3)  times  with  the  SACA  signals. 

The  last  POM  demonstration  concluded  the  PCD  program  for  Phase  I 
design,  development  and  evaluation  of  a  preliminary  operating  model. 

At  this  time,  it  is  felt  the  coded  enable  mechanism  will  not  require 
redesign  for  the  next  phase  except  for  minor  changes  to  improve  the 
necessary  adjustments  at  assembly.  The  valve  drive  mechanism  will 
require  redesign  during  Phase  II  to  deliver  additional  torque  needed 
for  the  hot  gas  control  valve  as  explained  in  the  next  section.  Gas 
generator  development  has  been  separated  from  the  POM  demonstrations 
during  this  program  and  has  evolved  to  a  design  that  meets  the  Phase  I 
specification. 

2.4  Control  Valve  Development 

The  first  POM  of  the  control  valve  was  asserrialed  and  evaluated  through 
testing  in  the  eighth  month  of  the  PCD  progr  n.  A  scaling  problem 
was  discovered  at  this  time.  Using  the  parts  as  manufactured  for 
this  model,  the  valve  would  not  seal  for  cold  gas  pressures  over 
150  psi.  The  problem  was  determined  to  be  the  surface  finish  of  the 


titanium  ball  and  the  type  of  carbon  graphite  material  used  for 
the  wedge  seats.  The  surface  roughness  height  specified  for  the 
valve  ball  was  13  microinches  and  flaws  in  the  surfaces  were  approxi¬ 
mately  32  microinches.  This  made  it  difficult  to  lap  he  wedge 
seats  in  the  valve  assembly  without  damaging  the  carbon  graphite 
seal.  To  test  this  theory,  the  carbon  graphite  seats  were  resin 
impregnated  improving  the  materials  density  and  scleroscope  hardness. 
Also  a  K-monel  ball  bearing  with  a  mirror  finish  was  machined  to 
provide  the  valve  ports  and  shaft  attachment.  These  parts  were 
evaluated  with  the  POM  control  valve  towards  the  end  of  December. 
Valve  shaft  springs  from  five  to  ten  pounds  were  fabricated  to  load 
the  wedge  seats  during  these  evaluation  tests.  The  control  valve 
would  seal  up  to  350  psi  with  the  impregnated  wedge  seats,  the 
K-monel  ball  and  a  ten  pound  shaft  spring.  Test  data  for  this 
evaluation  is  as  follows: 


Shaft  Spring  (lbs.) 

2U) 

5 

6 
7 

10 


Torque  (in-oz) 
6-12 
18  -  24 
24  -  30 
28  -  34 
40  -  48 


Seal  Pressure  (psiq) 
150 
250 
275 
300 
350 


Note : 


(1) 


Preliminary  design 


spring  for  the  POM  valve. 


The  test  setup  consisted  of  a  cold  gas  source  with  a  regulator  and 
pressure  gage  connected  to  the  control  valve  generator  port.  The 
output  port  was  blocked  and  the  valv^  ball  was  in  the  armed  condition 


which  connects  the  input  and  output  ports.  Torque  to  rotate  the 
ball  valve  in  its  wedge  seats  increased  with  the  spring  bias  as 
expected.  The  valve  would  seal  tightly  until  the  cold  gas  pressure 
increased  to  a  level  beyond  the  wedge  seat  bias  and  caused  the 
sealing  surfaces  t.o  be  forced  apart.  A  loud  popping  sound  was  heard 
when  the  wedge  seals  lost  contact.  Force  analysis  performed  for 
the  preliminary  design  control  valve  showed  the  friction  force  of 
the  wedge  seats  to  be  greater  than  the  unseating  force  on  the  ball 
during  gas  operation.  From  this  analysis  a  two  (2)  pound  shaft  spring 
was  designed  to  preset  the  wedge  seats  while  limiting  the  torque 
required  to  rotate  the  ball.  The  POM  valve  tests  indicate  the 
coefficient  of  friction  chosen  for  this  force  analysis  was  in  error. 

At  this  point  REI  decided  to  redesign  the  control  valve  to  prevent 
unseating  of  the  wedge  seal  ball  valve. 

The  control  valves  used  for  the  PCD  model,  shown  in  Figure  12,  re¬ 
mained  in  the  preliminary  design  configuration  with  a  two  (2)  pound 
bias  spring.  These  valves  functioned  successfully  with  the  drive 
mechanism  and  were  not  required  to  operate  with  hot  gas  because  the 
POM  generators  were  inert  assemblies.  The  technical  impact  of  this 
sealing  problem  indicates  the  axial  load  on  the  wedge  seats  must  be 
increased  which  in  turn  will  increase  torque  required  to  rotate  the 
ball  valve.  The  POM  valve  driver  will  presently  delivery  36  in-oz 
of  torque  to  the  control  valve  shaft.  Increasing  the  driver  output 
is  not  considered  to  be  a  problem  and  can  readily  be  redesigned  during 
the  second  phase  of  the  PCD  development  program.  Three  options  are 
available  for  this  change,  namely,  increasing  the  output  of  the  drive 
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ARM  INDICATOR 


FIGURE  12  CONTROL  VALVE 
(BEFORE  REDESIGN) 


motor,  increasing  the  drive  gear  1  rain  and  a  combination  of  the 
preceding  alternatives. 

Redesign  of  the  control  valve  was  completed  in  tenth  month  providing 
a  one  way  ball  lock  for  the  wedge  seats.  This  modification  was  . 
intended  to  prevent  the  ball  from  being  forced  out  of  its  wedge 
seats  during  gas  operation  and  maintain  the  required  seal  under 
environmental  tests.  Figure  13  shows  a  pressure  bushing  and  one  of 
three  spring  biased  keeper  balls  which  allow  the  valve  shaft  to  move 
only  in  the  direction  that  would  wedge  the  valve  ball  in  its  seats. 
Movement  of  the  ball  to  unseat  the  sealing  surfaces  would  be  pre¬ 
vented  by  three  keeper  balls  integral  to  the  valve  body  and  in 
contact  with  the  control  ball  shaft  assembly.  Other  changes  to  the 
control  vaive  made  during  the  redesign  increased  the  density  and 
hardness  of  the  wedge  seat  material  and  improved  the  surface  hard¬ 
ness  and  finish  of  the  valve  ball.  The  valve  ball  was  plated  with 
an  extremely  hard  electrodeposited  chromium  to  increase  the  surface 
hardness  and  lower  the  coefficient  of  friction  during  rotation  of  the 
seated  ball .  The  carbon  graphite  seats  were  changed  from  grade  80 
to  110  which  increased  the  scleroscope  hardness  by  fifteen  (15) 
percent  and  the  density  by  six  (6)  percent. 

Fabrication  of  parts  for  the  redesigned  control  valve  occurred  during 
February  and  the  valve  was  assembled  in  early  March  1970  for  evaluatior 
tests.  During  assembly  a  matched  set  of  wedge  seats  are  lapped 
inside  the  valve  by  rotating  the  ball.  This  process  was  enhanced 
by  the  one  way  ball  lock  design  for  the  wedge  seats.  A  constant 


ValVe 
i  Shaft 

1  Assembly 


Set  Screw - 


Keeper 

Spring 


foice  maintained  on  the  seats  while  the  sealing  surfaces  are 
lapped  greatly  improved  the  surface  smoothness  of  the  carbon 
graphite  material.  Prior  to  the  one  way  ball  lock  design  the 
carbon  graphite  lapping  operation  did  not  produce  a  smooth,  scratch 
free, sealing  surface. 

A  number  of  tests  were  performed  to  evaluate  the  redesigned 
control  valve.  The  gas  seal  was  drastically  advanced  by  the  one  way 
lock  for  the  wedge  seats.  Valve  tests  with  cold  gas  demonstrated 
tight  seals  for  pressures  over  1500  psig.  The  test  set  up  included 
a  flow  nozzle  connected  to  the  valve  output  port  and  pressure 
monitoring  equipment  attached  to  both  input  and  output  ports.  The 
valve  was  set  in  the  armed  position  and  the  flow  from  a  cold  gas 
source  through  the  valve  was  controlled  by  the  same  .023  inch  nozzle 
used  for  the  gas  generator  tests.  Pressure  drop  through  the  valve 
was  negligible  during  these  tests.  Springs  chosen  for  the  valve 
shaft  and  the  keeper  ball  locks  represented  an  equivalent  axial 
load  of  21.8  pounds  and  were  insufficient  to  seat  the  wedge  seals 
for  high  pressure.  To  attain  higher  seal  pressures  with  the  existing 
hardware  axial  loads  were  applied  to  the  wedge  seats  through  the 
valve  shaft  presetting  the  one  way  ball  lock  design.  This  allowed 
the  keeper  balls  and  the  pressure  bushing  to  lock  the  wedge  seats 
at  a  compression  level  relative  to  the  applied  loads.  During  the 
tests,  gas  pressures  were  recorded  at  the  first  sign  of  wedge  seat 
leakage.  When  the  seats  began  to  leak,  gas  pressure  could  be  raised 
one  to  two  hundred  psig  without  experiencing  excessive  pressure  drop 
through  the  valve.  Figure  14  shows  the  cold  gas  pressures  at  which 
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FIGURE  14  CONTROL  VALVE  TEST  DATA 


pour,  a 


the  primary  valve  seal  (wedge  sc  its)  began  to  leak  for  different 
axial  load  levels.  The  torque  required  to  rotate  the  ball  valve 
was  measured  and  is  shown  in  Figure  14  as  a  function  of  the  axial 
load  set  into  the  one  way  lock  design. 

Next  the  control  valve  design  was  analyzed  to  determine  the 
necessary  shaft  and  keeper  springs  for  self  sealing  wedge  seats 
under  gas  pressures  of  2000  psi.  The  maximum  shaft  spring  that 
could  be  designed  into  the  limited  space  available  was  determined 
to  have  a  twenty-six  (26)  pound  working  load.  Keeper  springs  were 
adjustable  through  a  set  screw  and  were  chosen  to  load  the  keeper 
balls  from  1.5  to  5  pounds,  which  through  the  pressure  bushing 
would  equate  to  axial  load  from  16.8  to  56  pounds.  New  springs 
were  fabricated  for  the  valve  redesign  and  tests  were 
performed  which  showed,  at  an  equivalent  axial  load  of  forcy-eight 
(48)  pounds,  the  valve  would  self  seal  for  pressures  up  to  1550  psig. 


Test  data 

from  this 

evaluation  is  as 

follows : 

Spring  Loads  (lbs) 

Eguivalent 

Valve  Shaft 

Seal (psig ) 

Keeper 

Shaft 

Axial  Load  (lbs) 

Pressure 

1.5 

26 

43 

28 

1300 

2 

26 

48 

33 

1550 

2.5 

26 

54 

38 

1800 

3 

26 

60 

43 

2050 

The  results  of  this  test  indicates  the  control  valve  is  ready 
to  be  tested  with  the  hot  gas  generator.  As  stated  before  the 
additional  torque  required  to  rotate  the  ball  valve  is  not  anti¬ 
cipated  to  be  a  problem  for  the  valve  drive  mechanism.  In  designing 
to  provide  a  one-way  wedge  seal  and  ball  valve,  which  established 
a  tight  hot  gas  seal  and  prevented  the  seal  from  unseating  during  gas 
pressure,  the  valve  was  not  sensitive  to  shock  environments  as  before. 
Refer  to  Appendix  E,  Ball  Valve  '■'/edge  Analysis. 

2.5  Gas  Generator  Development 

The  POM  gas  generator  consists  of  dual  propellant  gains  and  central 
ignition  to  provide  a  2.5  to  1  initial  boost  for  a  duration  of  five  (5] 
seconds  maximum  and  a  sustained  output  for  a  total  of  55  seconds 
minimum.  Other  designs  were  considered  for  the  required  boost  such 
as  a  single  grain  with  two  diameter,  but  were  ii.  practical  from  a 
packaging  standpoint.  The  gas  generator  requirements  that  established 
the  initial  design  are  shown  in  Figure  15.  The  initial  POM  generator 
design,  Figures  16  and  17,  has  electrical  connectors  that  allow  the 
generator  to  be  detached  from  the  PCD  control  valve.  Two  (2)  electric 
squibs  initiate  the  central  igniter  pallets  which  fire  directly  at 
both  propellant  grain  surfaces.  The  central  igniter  initiates  the  dual 
propellent  grains  simultaneously  to  obtain  the  required  boost  and 
sustain  phase.  The  gases  generated  are  directed  to  the  central  valve 
port  by  an  annular  manifold  around  the  igniter  basket  which  provides 
a  large  surface  for  filtering  as  required. 

The  gas  generator  design  for  the  PCD  preliminary  operating  model  has 
undergone  a  series  of  improvements  in  conjunction  with  development 
testing. 


« 
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SOLID  PROPELLANT  CHARACTERISTICS 
OF  HOT  CAS  SUPPLY  FOR  PERSHING  II  TURBOALTERNATOR 


SUSTAIN 

BOOST 

*min 

—  420  psia 

^min 

=  900  psia 

P 

P 

max 

=  634  psia 

max 

=•  1396  psia 

GHP 

GHP  . 

min 

=  1.148 

mm 

=  2.75 

GHP 

GHP 

max 

=  1.866 

max 

=  4.53 

T 

T 

max 

=  1800°F 

max 

=  1800°F 

W 

W 

min 

=  .0015  lb/sec 

min 

=  .0031  lb/sec 

(REF) 

(REF) 

w 

max 

=  .0022  lb/sec 

w 

max 

=  .0049  lb/sec 

(REF) 

(REF) 

Generator  gas  should  be  filtered  and  the  maximum  permissible  particle 
is  .001  inch  in  diameter, 

Ambient  Temperature  MAX  =  +125°F 

MIN  =  -29°F 


NOTES: 

1)  The  total  burn  time  shall  be  55  seconds  and  the  boost  phase  shall 
not  exceed  5  seconds. 

2)  The  transition  from  boost  to  sustain  phase  shall  be  smooth. 

3)  Final  approval  of  propellant  requires  review  for  compatibility 
with  the  turboalternator  and  other  components  within  the  system. 

4)  Nozzle  area  (nora)  =  .000409  in^ 


FIGURE  15 


FIGURE  16  GAS  GENERATOR 


These  tests  started  with  a  heavy-wall  breadboard  generator  bused  on 
a  theoretical  design  then  evolved  into  a  prototype  heavy-wall 
generator  simulating  the  preliminary  design  configuration.  Fifty- 
five  (55)  heavy-wall  tests  were  performed  to  evaluate  different 
candidates  for  all  generator  materials  and  to  refine  the  generator 
POM  design  (refer  to  Figure  18  and  Table  I  thru  Table  V). 

The  igniter  charge  and  propellant  burn  surfaces  were  subjected  to 
several  modifications  during  these  tests  due  to  propellant  ignition 
problems.  The  gas  generator  configuration  that  evolved  from  this 
evaluation  will  reliably  ignite  the  propellant  grains,  ^lso  during 
these  tests  several  features  were  added  to  the  generator  design 
improving  its  performance.  A  closure  disc  was  incorporated  into  the 
generator  housing  which  provides  a  hermetic  seal  for  the  output 
port  and  allows  the  chamber  pressure  to  reach  an  ignition  level  bofor 
rupturing  the  closure  disc.  A  mechanical  catch  was  included  in  the 
closure  disc  design  to  restrict  metal  particles  larger  than  .020 
inch  diameter  from  the  closure  disc  rupture  traveling  to  the  nozzle. 
Gas  filters  were  added  to  the  generator  chamber  preventing  carbon¬ 
aceous  particles  larger  than  .004  inch  diameter  in  downstream  gas 
flow  thus  improving  the  performance  of  the  nozzle. 

The  breadboard  gas  generator  evaluation  test  demonstrated  feasibility 
of  the  55  second  generator  with  five  (5)  second  boost.  During  these 
tests  the  theoretical  gas  generator  design  was  improved  and  refined  t 
establish  the  POM  design.  The  POM  design  hardware  is  shown  in  Figure 
19  and  is  used  in  the  flight  configuration  verification  tests  describe 
in  Table  VI  and  VII.  The  flight  configuration  gas  generator  test 
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FIGURE  18  HEAVY  WALL  GAS  GENERATOR 
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TABLE  I 


MX  cj\' 5  gihihaiuh  Ti.sra 


Revised  Heavy  Wall  Igniter  Coil  I  igur.ition/Bt  might  Crnilj 


Closure  Disc  -  .005  Brass  Over  .208  Through  Nipple  3 

Ignition  Charge  -  Mu3t  Determine  Due  to  Larger  Volume*.  2in 
Propellant  Grains  -  1"  dia.  Tal.-433/.0?0  Inhibitor 


Pressure  (Dsi) 

Time 

(see)  |jto>(0F) 

Date 

Test  Description 

Ignition 

Boost 

Sustain 

Boost 

SustairiMc 

Tube 

Remarks 

24  Oct 

•5gBKN03+.25gT-433 

r1 

•V*  , 

M 

Inert  Grains 

<100 

Closure  < 

id  not  i 

upture 

i  24  Oct 

,75gBKN03+.25gT-433 

1 

Inert  Grains 

200 

M 

11  n 

•1 

1  25  Oct 

-7SgBKi7a3+.5gT-433 

...  I 

1 

1 _ 

Inert  Grains 

200 

n  « 

j  25  Oct 

1.5gBKN03  with  mylar 

1 

\ 

tape.  Inert  Grains® 

300 

.  !  _ 

1  27  Oct 

1.5gBKN03  Basket, 

Inert  Grains  (a)  (B) 

1100 

28  Oct 

®  Full  Grain/^bg 

Closur 

e  rupture 

@  2000 

usi  &  sa|g 

ture 

BKN03-Nozzle  Blocked 

1425 

e  3.2 

sec.  >300( 

psi 

1 

31  Oct 

®  Full  Grain/®  ©3g 

| 

I 

BKN03-Nozzle  Blocked 

ll50j 

Saf et> 

rupture  ( 

>2.5  sec 

r*  >30Qf 

1  Nov 

850 

1500 

700 

7 

,_JL3 

—1350 

7  Nov 

©©■Fuli  Grain/?)  Shg 

i 

BKN03-Nozzle  Blocked 

-  1050 

>3000 

Srfety 

rupture 

at  3.8  sk 

_ J. 

NOTES : 


®  Closure  changed  to  .004  Brass  Disc 

(M>  Add  .75g  BKNO3  to  each  grain  surface  held  with  cellophane  tape 

©  Use  paper  instead  of  cellophane  and  mylar  tape 
(J1  Use  .002  Brass  Closure  Disc 
©  Use  mechanical  catch  £0'  closure  (TRAr) 
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PII  CAS  GENERATOR  TESTS 


Reduced  Grain  Conf lguration/Heaw  Wall 


Closure  Disc  -  .005  Brass  -  Scored/. 10  dia  hole  of  trap 
Ignition  Charge  -  1.5  gm  BKNO3 

Propellant  Grains  -  1"  dia  Tal-433/.070  inhibitor 


Heavy  Wall  Test  Equioment/POM  Configuration 


1  Date 


Log 

Test  Description 


Pressure  (osi) 


Time  (sec)  Temp  (sec) 


1  Ignition  Boost  Sustain  Boost  Sustain  Body  Tube  Remarks 


!  15 

Nov 

Misfire-no  oven  cure 

; 

700  -4- 

— 

_ 

1 

]  16 

Nov 

Misfire 

875  - 

16 

Nov 

Misfire-did  not 
rupture  disc 

i 

1 

600  — 

17 

Nov 

Igniter  only  rK 

400 -  - ' 

17 

Nov 

Burn  out-closure 

■  .005  +  .002  disc 
,  held 


18  Nov  j  Igniter  only  B 

19  Nov  .  Burnout 


450 

900- 


>3000  Safety  Disc  Blow  (5  4  1/2  sec 


21  Nov 
2  Dec 


'  evr/j  ccr- 


3  Dec 


High  Boost 
psi)  'A  ' B 


.  U 

900 

>3000 

;  b 

850 

1 

>3000 

1  Filter 

1  Failure-.  _ 

&  ®  © 

—1H’3 

-  ; 

600  1 

l 

1 

1 

1150 

4000  ! 

C 

1 

750  j 
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1 

Closure  Disc  Rupture  G>  3  l/2  sec 
Closure  Rupture  (§>  2  1/2  sec 


500 


2  1/2 


8 


<500  -1-1350 


37  5/ 


775 


57 


<500  ~J.350 


NOTES  ;  (h  Igniter  changed  to  .75gm  BKNO3  &  .Ogm  T-433 
B  Closure  disc  changed  to  .004  Brass 

,C‘  Sustain  Grain  change  to  .6  dia  x  .3  long  reduction 
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PII  GAS  Gi:N!  KATOR  Ti'.r.TS 


Tanner  Confine r .ltlon/Heavv  Wall 


N-S  Propellant 


Closure  Disc  -  .004  Brass  Full  Hard  -  scored  with  .1  dia  punch/trap 
Ignition  Charge  -  0.8  gm  1/8"  cubes 

0.35  gm  fine  shavings 
Nozzle  -  .0225  Plug 
Filters  -  100  Micron,  SS  302 

Propellant  Grains:  1"  dia.  Tal-433  with  .070  inhibitor 
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Heavy  Wall  Test  Equipment/POM  Configuration 

1 J — 

—.2 

) 

oorrcr 


r<s/v. 


Log 

Test  Description 

Chamber 

Pressure 

(psi) 

Time 

(sec) 

Temp 

(°F> 

Date 

Ignition 

Boost 

Sustain 

Boost 

Sustain 

Body 

Tube 

5 

Dec 

40  Filter  -  Slight 

leak  @  Ig  plug 

575 

>3000 

900/>3000 

3 

37 

<500 

'•4350 

5 

Dec 

Igniter  only  -  disc 
held 

950 

7 

Dec 

Misfire  -  Disc  did 
not  rupture 

^  300  <* 

7 

Dec 

Misfire  -  Disc  did 
not  rupture 

325  * 

7 

Dec 

Disc  Rupture  >3000 
psi  -  Nozzle  trans¬ 
ducer-.  002  1/2  H 

Brass  Disc 

500 

i  475.  i 

■>3000 

350/65O 

3 

61  1/2 

<500 

-1350 

8 

Dec 

Igniter  only  -  .001 

Full  Hard  Disc 

1125  A 

Brass  Disc  ruptured 

at 

1125  psi 

8 

Dec 
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at  2  sec 

900/2000 
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?  CO  2000 
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stop 
watch  64 

<500 

.4350 

12 

Dec 

Misfire 

850/ 

/  1075 

Brass  Disc  ruptured 

at 

1075  psi 

Remarks 


NOTES :  *  Low  Igniter  Pressure  at  0°F  Test  temp  -  Add  ,005  Teflon 

closure  disc  in  igniter  basket  instead  of  paper  disc 
for  all  test  to  follow  -  also  Nozzle  Transducer 

A  Ignition  Load  changed  to  1.0  gm  1/8"  cubes 

0.5  gm  fine  chips 
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Closure  Disc t  .001  Brass  Full  Hard/Stiffener  ring  £.  trap/. 10  dia  hole 
Ignition  Charges  0.5  g  fine  chips  n-5  double-base  propellant 

1.0  g  1/8"  cubes  .005  TFE  IGN  Closure 

0.8  g  1/2"  dia  x  1/8  disc 

Filters!  100  micron,  SS  302 

Propellant  Grains!  1"  dia  plus  .070  Inhibitor,  T-433 


-O.  C>/A  y  ^  DA5C 


sA^crr 

■0/3C. 


X&AJ. 


/=>/z€ss. 

jS 


.o  70 


Heavy  Wall  Test  Equipment/POM  Configuration! 


LOG 

Chamber 

Pressure 

(psi) 

Time  (sec) 

|  Temp 

(°F) 

Date 

Test  Description 

Ianition 

Boost 

Sustai n 

Boost 

Sustain ! 

Body 

Ty&s 

Remarks 

13  Dec 

Heavy  Wall-Visicorder 
stopped  after  34  sec 

1250 

750^450 

525/850 

<5 

1 

v  61 

<500  F 

i/1350°F 

|  13  Dec 

Heavy  Wall-VisiCorder 

1150 

67^1325 

400/825 

<5 

62  1/2 

<500  F 

V1350 

14  Dec 

L _ 

Heavy  Wall-No  Propellant 
Burn 

MIS 

FIRE 

1  16  Dec 

Heavy  Wall-3  1/2"  Sus¬ 
tain  -  reused 

1750 

0O%350OO 

57V725 

<5 

4  3  1/2 

<500 

-1350 

|  15  Dec 

Heavy  Wall-Output  Tube 
His-assembled 

1550 

s”/U?oo 

60°/650 

-12^ 

47  1/2 

<500 

-4350 

27  Dec 

1 _  . 

Heavy  Wall-3"  Sustain  - 
Re-use  T  -200  © 

750 

“°/Jo 

(*) 

l459l750 

<5 

32  1/2 

<500 

-1350 

'  28  Dec 

Heavy  Wall-3"  Sustain  - 
Re-used  T-200  © 

C) 

500“ 

750/lioo 

55°/650 

<6 

43  1/2 

<500 

~1350 

J 

|  29  Dec 

Heavy  Wall-3"  Sustain  - 
Re-used  T-200  <© 

3, 

O 

kD 

?°°/L150 

57-7625 

<6.5 

47 

— 

<500 
_ ! 

0.350 

- 

i  . 


NOTES  l 


®  Intermittent  Nozzle  blockage 

©  Change  1/2"  dia.  x  1/0"  lq.  disc  of  N-5  bonded  to  grain  to  Tal-200 
©  Excessive  Nozzle  blockage  due  to  output  connected  to  pressure  part 
which  bypasses  filters. 

©  Questionable  Pressure  Transducer  (voltage?) 
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setup  as  shown  in  Figure  20  consists  of  a  all  up  gas  generator 
connected  to  the  PCD  control  valve.  A  test  port  in  the  top  of  the 
generator  housing  provided  a  pressure  tap  and  a  safety  rupture  disc 
attachment.  The  control  valve  output  plate  connected  to  a  twenty 
(20)  inch  transfer  tube  to  the  gas  flow  nozzle.  Just  up  stream 
of  the  nozzle  was  a  test  port  for  a  pressure  transducer  and  a  gas 
stream  thermocouple  probe . 

During  the  flight  configuration  verification  tests  several  problems 
occurred  which  related  to  adequate  sealing  of  the  flight  hardware 
at  the  electrical  interface.  Several  potting  materials  were  evalu¬ 
ated  before  a  suitable  one  was  found.  The  squib  initiators  were 
redesigned  in  a  threaded  adapter  to  allow  a  mechanical  pressure 
seal  during  operation  by  minimizing  the  leak  path  and  use  of  a 
ceramic  adhesive.  The  closure  disc  was  reworked  to  incorporate  a 
threaded  assembly  to  provide  more  consistent  performance  for  igni¬ 
tion  pressure  rupture.  Filter  material  was  changed  from  stainless 
steel  to  inconel  to  optimize  its  performance  under  chamber  temperature 
conditions.  The  igniter  disc  attached  to  the  sustain  grain  surface 
was  removed  and  incorporated  into  a  redesigned  igniter  basket  to 
provide  an  improved  ignition  and  a  more  uniform  propellant  grain 
burn  surface  (Refer  to  Table  VI). 

The  redesigned  flight  conf igural  i on  was  tested,  refer  to  Table  VII, 
and  proved  to  have  repeatable  results.  The  last  (12)  tests  were  a 
series,  requested  by  ARRADCOM,  cf  hot,  cold  and  ambient  firings. 

The  results  of  these  tests  can  best  be  described  by  gas  horsepower 
curves  as  compared  to  the  requiied  limits  indicated  as  dashed  lines, 
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GAS  GENERATOR 


FIGURE  20  POM  GENERATOR  TEST  STAND 


Closure  r>l«c  -  .001  Full  Or ass/M  1  f frnnr  ring  and  trap/. 10  d  J  *  hole 
Ignition  Charge  -  0.5g  fine  chips 

l.Og  1/0"  cubes  H-S  in  basket  with  .005 

0.75g  Tal-200  Disc  TFE  Closuie  Clf»c 

1/2"  dia  x  l.B"  thK 


Filters  -  100  Micron,  SS  302 

Propellant,  T-433,  1"  din  plus  .075  inhibitor,  .050  Refrasil  (2  layers) 


.  o.  r*c 


■  COO  £>/S<Z.  O'*  *  /.O 


DE 


K-.2 


J- 


D»t«  T«.t  Description 


Pressure  (psi )  Time  (sec) 

Ianltion  Boost  S. stain  Boost  Sustain  j  Body  Tube  Remarks 


Temp  (°F) 


30  Dec 
3  Jan 

6  Jan 

11  Jan 

13  Jan 

17  Jan 

19  Jan 

23  Jan 

>  reu 

9  Feb 

10  Feb 

13  Feb 

14  Feb 

15  Feb 

15  Feb 

16  Feb 

21  Feb 


Misfire  -  no  potting 
A 39  Potting  1/2  full 

failed 

Plastic  Porcelain  3/4  -  1/4 
A39  Potting  -  slight  leak 

'A2  -  Set  Scr  behind  Initiator 
failed 

Misfire  -  Sylgard  1B4 
Initiator  adapter  '•  grain 
(sustainer)  moved 


A2  -  Iniator  Thd., 
Misfire 


adaptor  - 


A2  -  Iniator  Thd.  Adaptor 
Visicorder  stopped  at  44  sec. 
Modify  orifice  to  Nozzle 

A2  -  Iniator  Thd.'  Auaptor 
Nozzle  plugged/orain  moved 

/w  -  iniator  ina,  adaptor 
|  Ignition  charge  only  * 

I  ?2  -  Iniator  Thd.  Adaptor 
j  Ignition  Charge  Only 

A2  -  Iniator  Thd.  Adaptor 
Ignition  Chargt  Only  *' 

•  A2  -  Iniator  Thd.  Adaptor 
1  New  Closure  disc  and  trap  **' 

A2  -  Iniator  Thd.-  Adaptor 
I  New  Closure  disc  and  trap 
'  Inconel  Filter 

A2  -  Iniatcr  Jhd.  Adaptor 
New  Closure  disc  and  trap 
Inconel  Filter 


A2  -  Iniator  Thd.  Adaptor 
New  Closure  disc  and  trap 


1100 
2  350  e 

3100  e 


ft 


ft 


Inconel  Filter 

A2  -  Iniator  Thd.  Adaptor 
New  Closure  disc  and  trap 
Inconel  Filter  -  misfire 

3M  Potting  •  New  Closure  disc 
and  trap  -  Inconel  Filter 
Potting  Leak 

3M  Potting  -  Nrw  Closure  disc 
and  trap  -  ImunM  filter 
Potting  l^ak 


24  Feb  A2  Potting  0  -  New  Closure  disc 
j  and  trap  -  Inconel  rlltri  • 

(2)  T-200  disc's 


2350 

1125 

2100 

>  3000 
925 

9  ’5 

1200 

1150 

.300 

1150 

1275 


no  disc 


925 


/1625 

10,V1700 

875/14oo 

1/2  sc 


550 


150/ 


625 


<  5 

<  5 
5 


5SO/700 

c  -  pleasure  differential  caused  burn  out 


11  * 
57 

29  ® 


<500 

<500 

<500 


Valve  ball  mls-asncmblcd  to  position  venting  scat 


1125/ 


475 


^675 
€>  44  see 


s  to  p 
watch 
57, 


<500 


5  1/2  sic  -  pressure  differential  caused  burn  out 
1  I  I 

Change j propellant  process  -  grind  and  cut 


Change 


I 


Change 


675 


A200 

7Jvms 

525/1050 


4  50 


'/l200 


—  1/4  seq 
rove  - 


'1150 


75/ 

'950 


propellant  process  -  grind  and  cut 


propellant  [process  -  grind  and  cut 


350  / 


'450 


475  , 


'575 


/600 


5  1/7 


70 

potting 
blow  out 
59 

65 


61 


350/ 


D/S 

400°f 


400/ 

'450°r 


w/*aX 


<00/<lX 


-  pressure  differential  caused  grcin  to 
adhere  qraip  to  end  cap  -  eliminate  boot 


100/, 


550 


A  7  5 


5  1/2 


pa  r  t  i  a  l 
grain 

47 


450/  B/S 
'SOO^F 


4  00  /  A'j 
/400fV 


400/4 


n/s 


-1350 

.1350 

-1350 


—  1350 


-1350°r 

-  I350°f 
— I350°r 

-  1350°r 


'  1350  p 


-1350  r 


—  1350  F 


NOTES  I 


(*  Potting  failed  to  hold  pressure  In  chamber  through  initiator  holes  ^ich  extinguished  grain  as  it  vented 
(\  recessive  Ignition  pressure  due  to  closure  assembly  -  irworV  Interface  to  maximlis  shear 
(J  Potting  leak  traced  with  die  penetrant  to  glass  to  metal  initiator  seal 
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Ill  fJV'.  *  ’  VI  HA  I  <nt 
71  ^  *.fA 


r  J  Cnnfi;j\ir  l<»n 
1  m  1 1  atoi  bonded  inside  threaded  ug 
Ignition  Charge i  2  g  1/2  die  x  .42  long 

•  5  g  fins  chips 

•5  g  1/0"  cubna 

Propellant  (T— 4 33 )  i  1"  dia  plus  .050  inhiblto*-  £  .075  insulator 
riltera  -  100  micron.  Inconel  (.093  thk) 

.  Pise  .001  full  hard  Brass  ovei  .10  hole 

°*ure  Trap  trap  with  (47)  .020  holes 


cto5cce  ,/y5C 


•«/  /*'?r  a 

/  "  r/  /  .;4/aT 


^3  ! 


)  1  -Ml)  I 


UJ 


3  <■£  <.0*JC> 


v-31- 

It 


~//OS  <s <7a/0 


Chamber  Pressure  (psi) 


Time  (SCC) 


Test  Description 


28 

Feb 

1 

Mar 

t 

3 

Mar 

3 

Mar 

9 

Mar 

10 

Mar 

10 

Mar 

14 

Mar 

U 

Mar 

29 

| 

Mar 

ill 

|  5 

Apr 

12 

L 

<  6 

i 

Apr 

»3 

i  — 

i 

May 

114 

*1B 

May 

J15 

i 

19 

May 

46 

‘ 19 

May 

117 

25 

May 

UB 

25 

| 

May 

49 

26 

! 

May 

l 

»10  21 

Jun 

Partial  Crain  2  3/4"  lg 
Nozzle  .0250  inch  dia 
Partial  Grain  3  1/8"  lg 
Nozzle  .0225  inch  dia 
Partial  Crain  3  1/4"  lg 
Nozzle  .0232  inch  dia  fA' 

Partial  Grain  3  3/8"  lg 
Nozzle  .023  inch  dia  ltd  (lb 

Full  Crain-. 023  Nozzle 

•A  tt» 

Full  Crain-. 023  Nozzle 
*■  (t> 

j  Full  Crain-. 023  Nozzle 

|  (X*  ©  .D 

’  HOT  Full  Crain-. 023 
'  Nozzle  A  D  !♦’ 

!  COLD  Full  Crain-. 023 
,  Nozzle  'A  D 

,  Full  Crain-. 023  Nozzle 
1  'A  O' 

I  Gov't  Test  A)  D  £' 

I  325°F  @  57,  42 5°F  &  3 

'  Gov't  Test  A-'  0)  (E  G 
1  904°F  &  47 

I  Gov’t  Test  (A'  <T)'  ffT' 

1  993°F  5?  54  (2  initiators) 

‘•cov’t  C OID  Test  A  O  dP 
1020°F  ©  60 

Gov’t  COLD  Test  fA‘  0)  dj 
950°r  ©  55 

Oov’t  COU)  Test  'A  rtf 
725 CF  9  65  (2  initiators) 

Oov’t  HOT  Test  «A'  OB' 

1128  9  35 

Gov’t  HOT  Test  (ADC 
958  0  55 

Cov't  HC?  Test  A  D  C 
1022  ©  50 

i  Gov’t  Test  (A  (t>  C  DUG  ©  45 


Ignition 

Boost 

Sustain  1 

Boost 

Sustain 

«%4s7~ 

!  97Vl025 

“"/mT 

6 

50 

700/152S 

115°/l625 

65°/750 

5 

43 

500/1150 

aS°/l275 

S0°/650 

5 

50 

S7V11S0  | 

9°°/l47,  j 

52v,50 

5 

50 

1350A250 

W1150 

| 

429/ 675 

6 

!  61 

112S/l22S 

110°/1275 

S00/650  1 

5 

1/2 

i  s9 

1O5°/l350 

10SO/l200 

j  4 7 5/6 2 5 

I 

5 

i  61 

1225/13,5 

175°/l650 

6°°/7O0 

4 

1/2  ’ 

;  50 

130%50 

650/,7s 

375/S50 

1 

7 

1  71 

1325/ll75 

'  925/ 

j Thcrnocouple  added 

l-gro9s  ] 

;  throuah  450° 

1 

1030/1300 

H°°/lS00 

52v7O0  ! 

5 

1  57 

1J5°/1750 

,  15°°A-1750^) 

60°/75O 

I 

5 

58 

900/l200 

95°/l400 

55°/65o  ; 

5 

1/2 

58 

1150/10130 

6S(VU25 

43O/'g50  j 

7 

’ 

67 

1JOO/725 

6JV975 

4°°/575  1 

7 

71  1/2 

llOO/goo 

77Vu75 

47°/675 

7 

67 

,0°/l350 

i  *1,S/1M0 

65°/725  ^ 

4 

1/2 

50 

“W/lMS* 

i  »«/M00  1 

t  | 

4,°/575 

4 

1/2 

u* 

CD 

0 

900/135O 

;  llo°/uoo  ! 

53°/720 

4 

3/4 

55 

i  10,VliJ5  ! 

“%00  1 

5 

61* 

Temp  Pax nt  (  F) 


Remarks  • 


400'/<50  Tijso 
35°/450  ,-1350 

400/500  *13S° 

40%50  •’135° 

40%50  '-1350 

400/„so  ,1350 

4iU/500  i'1JSU 
450/500  ,1350 

15C/450  1350 


4  00 

40°/450 


145°/1300 

1350/l300 


400/450  !  14  50/ 1 250 

3U0/35o  J — 1350 

3°%S0  f~1350 

4°%50  I 

400/400  |  H50 


I  '450 
i  «°/«50 


450  950 


(A  Inhibitor  added  o  ID  of  2  g  T-200  nlvig  -  over  thrend# 

A-2  potting  leakage  aftrr  45  sec 
C  Du.slco  460  potting  -  large  leakage  after  43  sec. 

T  Open  lqn  basket  holes  from  .062  to  ,.093  dia 
£■>  Thermocouple  ground  to  transducer  by  ionized  gaa 
T  Partial  Crain 
<5  Thermocouple  grounded  June. 

H  Tharmocouple  exposed  June. 

CL  Potting  leak  traced  with  die  penetrant  to  initiator 

aub-assembly  (ceramic  bond  line  and  adaptar  thraad  leakaga) 
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beginning  cf  the  sustain  phase  during  cold  tests,  the  high  gas 
horsepower  in  the  boost  during  hot  tests  and  the  gradual  increase 
of  gas  horsepower  during  the  sustain  phase  are  all  correctable 
conditions  by  tailoring  the  POM  design.  At  this  stage  of 
development  the  gas  generator  has  demonstrated  feasibility  and 
indicated  the  stated  requirements  could  be  attained.  The  POM 
gas  generator  will  require  modifications  in  the  next  contract  phase 
tailoring  the  design  to  produce  the  required  gas  horsepower  profile. 
Since  the  actual  gas  horsepower  required  to  operate  the  Garrett 
turboalternator  might  change  the  design  requirements,  the  gas 
generator/turboalternator  compatibility  tests  will  further  define 
the  required  Phase  II  design  for  the  gas  generator. 

Compatibility  tests  were  carried  out  in  accordance  with  the  prescribed 
test  plan  using  the  Garrett  POM  turboalternator  and  the  Raymond 
POM  gas  generator.  The  test  sequence,  procedures  and  results  are 
discussed  in  Appendix  G.  This  test  series  was  successful  in  that  it 
demonstrated  compatibility  at  hot  and  ambient  temperatures,  however, 
at  cold  temperature  conditions  it  produced  unusually  lower  gas 
horsepower  profiles  and  longer  burn  times  than  had  been  experienced 
at  any  previous  test.  A  study  was  initiated  to  analyze  the  cold 
temperature  gas  generator  anomaly.  This  analysis,  refer  to  Appendix 
H,  identified  heat  losses  as  the  probable  cause  for  the  cold 
temperature  variation  in  performance  at  Garrett.  A  verification 
test  plan  was  proposed  and  approved  to  evaluate  this  possibility. 

These  tests  are  to  be  run  during  Phase  II  of  the  Pershing  II  gas 
generator  development  contract.  The  data  generated  from  these  tests 
will  be  used  to  formulate  design  modifications  of  the  present  gas 
generator  that  will  correct  the  cold  temperature  anomaJy. 


* 
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2.6  Reentry  Sensor  Development 

The  POM  reentry  sensor  is  illustrated  in  the  isometric  drawing 
of  Figure  27  and  photographs  in  Figures  28  and  29.  The  reentry 
sensor  is  an  inertial  safe-arm  switch  which  is  locked  in  the 
safe  position  by  a  rotary  solenoid.  The  device  must  be  elec¬ 
trically  unlocked  during  a  specific  time  window  of  the  terminal 
phase  of  the  missile  trajectory  which  represents  a  2g  ±  15% 
maximum  deceleration.  Once  electrically  unlocked,  the  reentry 
sensor  is  free  to  respond  to  a  5g  +  30%  reentry  deceleration 
which  will  arm  the  switch.  A  telemetry  switch  will  monitor  the 
safe-arm  condition  of  the  reentry  sensor.  Should  a  reentry 
deceleration  greater  than  5g  +  30%  be  sensed  before  the  locking 
solenoid  receives  the  electrical  unlock  signal,  the  inertial  weight 
will  be  driven  into  the  locking  pins  in  the  solenoid  rotors  preventing 
the  solenoid  from  unlocking  the  system,  therby  dudding  the  reentry 
sensor  in  the  safe  position. 

Once  properly  unlocked  and  5g  reentry  deceleration  level  attained, 
the  reentry  sensor  switch  will  translate  from  the  safe  to  the  arm 
position  without  the  use  of  external  energy.  This  is  accomplished 
through  a  rotary  switch  operated  by  a  30  degree  indexing  mechanism 
attached  to  the  inertial  weight.  The  indexing  mechanism  holds  the 
rotary  switch  in  an  open  condition  until  the  inertial  weight  is 
driven  to  the  arm  position.  This  action  causes  the  indexing 
mechanism  to  close  the  normally  open  switch  and  letain  the  switch 
in  this  condition.  The  indexing  rotary  switch  is  non-latching  for 
resettability .  Should  deceleration  fall  below  the  5g  level,  the 
reentry  switch  will  reset  to  the  safe  position  and  will  be  auto¬ 
matically  relocked  in  this  position,  assuming  the  electrical 
energy  has  been  removed  from  the  rotary  solenoid. 
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FIGURE  28  REENTRY  SENSOR 


The  POM  design  of  the  reentry  sensor  shown  in  Figure  30 
consists  of  a  balanced  double-lock  rotary  solenoid,  an  inertial 
weight  with  constant  force  bias  spring,  ball  bushings,  an  indexing 
mechanism,  and  a  rotary  switch.  An  analysis  was  performed  of  the 
reentry  sensor  during  the  preliminary  design  to  predict  as  accurately 
as  possible  the  performance  during  superimposed  dynamic  loads  of 
axial  deceleration,  lateral  g-loading  and  vibration.  This  analysis 
indicated  damping  may  be  required  for  the  spring  mass  system  to 
respond  as  intended.  A  breadboard  model  of  the  reentry  sensor 
design  was  fabricated  and  tested  to  empirically  answer  this  question. 
Damping  was  provided  in  the  breadboard  model  by  a  verge  escapement. 

The  reentry  sensor  model  was  subjected  to  vibration  (random  and 
sinusoidal)  testing  combined  with  sustained  axial  acceleration  of 
the  g-sensing  weight  assembly.  The  breadboard  was  evaluated  with 
4g,  5.5g,  and  7g  biased  spring  mass  system.  Two  important  con¬ 
clusions  from  this  evaluation  are:  the  damping  originally  anticipated 
for  the  spring  mass  function  was  not  required,  and  the  sliding  switch 
design  was  not  adequate  for  switch  chatter  during  random  vibration. 
Breadboard  testing  with  the  escapement  disconnected  determined  the 
maximum  excursion  of  the  g-sensing  weight  assembly  (less  than  1/64 
of  an  inch  for  5.5g  bias  spring)  during  reentry  vibration  conditions 
with  a  superimposed  constant  acceleration  force  of  2g 1 s  would  not 
cause  the  blocking  solenoid  to  interlock  with  the  weight  and  dud 
the  device  during  solenoid  function.  The  preliminary  design  for 
the  reentry  sensor  was  changed  to  reflect  the  information  gained 
by  the  breadboard  evaluation.  The  escapement  was  eliminated  and 
the  switch  design  was  altered  to  incorporate  the  rotary  switch 
design  from  the  Lance  Arm-Safe  Device  shown  in  Figure  30 ,  which 
proved  to  be  an  excellent  switch  for  switch  chatter. 
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A  preliminary  operating  model  w,»s  fabricated  and  tested  which  proved 
to  be  operational  and  met  the  design  requirements.  This  unit  will 
not  require  redesign  for  the  next  phase  except  for  the  possible 
modification  of  the  transportation  lock  which  interfaces  with  the 
exo  or  propulsion  environmental  safe-arm  device. 

2.7  Conclusion 

The  final  PCD  valve  control  mechanism  and  hot  gas  generator  pre¬ 
liminary  operating  models  were  successfully  demonstrated  at  Avco 
and  REI .  All  problems  that  occurred  during  development  were  solved 
and  hardware  modifications/redesigns  were  completed  during  the 
Phase  1  program.  The  feasibility  of  the  PCD  design  was  verified 
through  POM  tests. 

The  hot  gas  generator  design  will  require  tailoring  to  meet 
the  required  gas  horsepower  profile.  This  effort  will  be 
accomplished  in  the  second  phase  of  this  program  ba^sed  on  the 
turbo/alternator  gas  generator  compatibility  tests  which  established 
the  actual  gas  horsepower  requirements. 
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APPENDIX  A 


PCD  -  S/R  ANALYSIS 


Pershing  II  Adaption  Kit 
Pneumatic  Control  Device 
System  Safety /Reliability  Analys 


Revision  1 


1.0  System  Description. 

The  Pneumatic  Control  Device  (PCD),  as  shown  in  the  electrical  schematic 
of  Figure  1-1  and  the  mechanical  schematic  of  Figure  l-2is  a  dual  channel,  fail¬ 
safe,  electromechanical  device  whose  function  is  to  provide  warm  gas  to  the  turbo¬ 
alternator  in  the  Warhead  Power  Converter  Assembly  (WPCA)  upon  receipt  of  the 
correct  type  and  sequer'.e  of  Safing/Arming  Control  Assembly  (SACA)  and  environ¬ 
mental  inputs. 

The  SACA  is  required  to  provide  each  channel  of  the  PCD  with: 

•  A  coded  signal  consisting  of  a  four  line,  12  bit  code  with  synchronized 
clock  to  drive  the  enable  mechanism  through  a  rotation  of  240  and  unlock  the  control 
valve  driver. 

•  A  good  separation  signal  to  power  the  control  valve  driver  to  rotate 
the  valve  to  the  arm  position  after  the  normally  open  enable  mechanism  switch  has 
been  actuated. 

•  A  firing  signal  to  initiate  the  warm  gas  generator. 

These  inputs  to  the  PCD  are  processed  by,  or  through,  three  (3)  major  PCI > 
components  to  provide  for  a  fail  safe-device.  The  coded  signal  is  processed  by 
the  control  valve  enable  mechanism  to  provide  both  mechanical  and  electrical  un¬ 
blocking.  An  error  or  failure  of  this  component  results  in  a| continued  lock  on  the 
valve  driver  and  an  open  electrical  circuit  to  the  control  valve  driver.  The  good 
separation  signal,  which  provides  power  to  the  control  valve  driver,  is  blocked 
by  a  normally  open  switch  on  the  enable  mechanism.  The  gas  generator  firing 


FIGURE  t-1  PCD  F.LECTRICP.L  SCHEMATIC 


signal  is  blocked  by  an  open  circuit  until  the  control  valve  driver  rotates 
the  valve  into  the  "ARM"  position  and  then  closes  the  firing  circuit  switch. 

All  of  these  conditions  provide  for  a  fail-safe  operation  in  that: 

•  Failure  of  the  enable  mechanism  leaves  a  mechanical  and  electrical 
block  on  the  valve  in  the  safe  position. 

•  Failure  in  the  valve  driver  mechanism  leaves  the  valve  in  the  safe 

position. 

•  An  inadvertent  firing  of  the  gas  generator  with  the -valve  in  the 
safe  position  vents  the  gases  through  the  safety  port  and  away  from  the  WPCA 
transfer  line, 

■m  An  early  firing  signal  to  the  gas  generator  is  electrically  blocked 
by  the  open  circuit  on  the  valve  driver. 

The  PCD  has  two  independent  channels,  completely  isolated  within  the 
housing  except  for  the  common  input  and  telemetry  connectors.-  Even  so,  the 
input  lines  to  the  channels  are  independent  within  the  connector.  A  failure  of 
a  component  in  one  channel  will  not  in  any  way  affect  the  operation  of  the  second 


channel 


2.0 


PCD  System  Safety  Analysis. 


2.1  Introduction. 

A  Failure  Mode  and  Hazardous  Effects  Analysis  (FMHEA)  and  Fault  Tree  Analysis 
(FTA)  have  been  completed  and  updated  on  the  Pneumatic  Control  Device  configuration 
designed  as  a  part  of  Phase  I  of  the  Pershing  II  Adaption  Kit  Program. 

The  analyses  have  been  accomplished  in  accordance  with  CDRL  A013  (Safety 
Analyses  and  Hazard  Evaluation  Reports)  and  in  conformanee  with  DI-H-1326A, 

Safety  Analyses  and  Hazard  Evaluation  Reports;  Section  2b,  Failure  Mode  and 
Hazardous  Effects  Analysis,  and  Section  2c,  Fault  Tree  Analysis. 

This  analysis  (Revision  1)  reflects  the  following  changes  and  additions 
since  the  original  analysis: 

e  Shaft  lock  &  ball  added  to  design. 

•  Additional  detailed  part  information. 

•  Fault  "free  Analysis  broadened  to  include  possibilities  of  a  premature 
gas  generator  initiation, 

9  Omission  of  Reentry  Sensor  analyses  due  to  devices  relocation  to  the 
SACA  subassembly, 

2 . 2  Purpose, 

The  purpose  of  the  safety  analysis  was  to  identify  potential  failure  modes 
within  the  PCD  that  could  cause  or  contribute  to  a  personnel  or  equipment  hazard. 

As  defined  by  the  Statement  of  Work  "premature  transfer  of  the  control  valve"  is 
considered  to  be  the  major  undcsired  event. 
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The  FM11EA  contains  the  safety  failure  modes  of  each  major  subcomponent, 
thess  modes  have  been  logically  combined  in  the  FTA  to  indicate  what  single  or 
multiple  failures,  if  occurring,  that  could  cause  this  undesired  event. 

2 . 3  Conclusion. 

There  are  no  single  failure  modes  in  the  PCD  that  could  cause  the  control 
valve  to  transfer  prematurely. 

It  requires  a  minimum  of  five  co-existing  fault  events  before  "premature 
transfer  of  the  control  valve"  (warm  gas  generator  output)  can  occur.  These  fault 
events  are  discussed  in  Section  2.5. 

2.4  Recommendations. 

1)  ..  Isolate  28VDC  torque  motor  wiring  from  all  sources  of  PCD  28VDC  inputs 
such  as  stepper  solenoid  clock,  enable  mechanism  code,  and  gas  generator  initiate 
signals. 

2)  Isolate  both  the  "good  separation"  and  "gas  generator  initiate"  circuits 
from  all  adjacent  current  carrying  pins  within  the  PCD  input  electrical  connector. 

With  the  recommendations  incorporated,  safety  of  the  PCD  can  be  optimized 
without  affecting  inherent  reliability. 

2.5  Discussion  of  Safety  Analyses. 

Individual  safety  related  failure  modes,  were  derived  for  each  of  the  PCD 
subcomponents;  control  valve,  control  valve  driver,  warm  gas  generator,  enable 
mechanism,  and  internal  interconnections  including  telemetry  circuitry.  Failuie 
modes  such  as  premature  FCD  input  signals  frem  the  SACA  have  been  noted  but  not 
analyzed.  These  inputs  will  be  studied  during  a  system  integrated  fault  tree 


analysis  later  in  the  program. 


Failure  modes  and  their  effects  are  included  as  part  of  the  FMHEA. 

Factors  influencing  or  preventing  their  occurrence  are  also  discussed. 

The  failure  modes  from  the  FMHEA  are  integrated  into  the  FTA  which  logical¬ 
ly  combines  all  potential  safety  related  failures  to  determine  what  multiple 
failures  could  occur  that  would  result  in  the  undesired  event  "premature 
transfer  of  the  control  valve"  (warm  gas  generator  output). 


Results  of  the  FTA  (Figure  2-2)  indicate  that  for  a  premature  PCD  output 
(warm  gas  output  to  WFCA)  to  occur  would  require  the  coexistence'  of  five  (5) 
simultaneous  fault  events. 

Failure  modes  hypothesized  for  this  occurrence  are  shown  in  the  simplified 
fault  tree  (Figure  2-1)  and  are: 

?) Good  Separation  signal  issued  to  the  PCD  from  the  SACA  prematurely. 


O' 


Q Enable  Mechanism  normally  open  contacts  fail  closed  or  are  by- passed 


(FTA  codes  -  XI,  X2,  X3,  Y4). 

V' 

3  ) Shaft  Lock  Ball  and  pin  mechanical  failures  allow  the  control  valve 
shaft  free  to  rotate  (FTA  Code  -  Yl). 


© 


^©^Locking  gear  function  removed  prematurely  (FTA  Codes  -  Y9,  Y10,  Yll, 

Y12,  Y13,  Y14). 

^T^Warm  gas  generator  "initiate"  signal  issued  to  PCD  from  SACA  prematurely. 

Fault  events©  and©,  premature  SACA  electrical  inputs  to  the  PCD,  arc 
beyond  the  control  of  the  PCD  subassembly.  Protection  against  these  events  arc 


dependent  on  the  SACA. 
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Fault  events  Q)  (3)  and  (4)are  PCD  dependent.  The  failure  mechanisms 
are  hypothesized  due  to  the  early  status  of  design.  Some  faults  may  not  be 
real  due  to  design  layout  and  controls  not  observed  as  yet.  This  study  however, 
does  provide  designers  the  identification  of  potentially  critical  areas  that 
can  be  eliminated  or  controlled  by  isolating  critical  wires  and  quality 
control  procedures  to  monitor  mechanical  part  integrity  and  proper  installation. 

This  analysis  demonstrates  that  the  PCD  is  a  very  safe  device  possessing 
more  than  adequate  protection  and  controls  against  a  premature  output. 

The  analyses  represent  a  qualitative  assessment  of  only  one  channel  of 
two  contained  within  the  PCD.  Any  failures  discussed  of  the  one  channel  are 
appropriate  for  the  other.  The  overall  quantitative  safety  of  the  PCD  therefore 
would  be  reduced  by  a  factor  of  2. 

2,6  Connector  Analysis. 

Investigation  indicates  that  consideration  should  be  given  to  optimizing 
safety  of  the  PCD  input  electrical  connector  by  reassigning  certain  critical 
circuit  inputs. 

As  with  all  male  connectors  and  pin  layouts,  short  circuits  are  possible 
between  adjacent  pins  due  to  bent  pins  or  conductive  contaminants.  The  present 
pin  assignments  of  the  PCD  input  electrical  connector  has  some  undesirable 
potential  short  circuit  possibilities. 


The  "good  separation"  circuits  (pins  3  and  4)  and  "gas  generator  initiate" 
circuits  (pins  15  and  16)  are  considered  to  be  safety  critical.  The  former 
circuit  drives  the  control  valve  to  the  "ARM"  position,  and  the  latter  initiates 
the  warm  gas  generator  initiators. 

Although  each  circuit  is  "open"  internally  by  normally  open  switch  contacts 
until  certain  operating  conditions  have  occurred,  the  possibility  of  shorts  be¬ 
tween  the  input  of  these  circuits  and  live  voltages  from  adjacent  sources 
enable  mechanism  code  (Pins  5  through  12),  and  stepper  solenoid  clock  (pins  13 
and  14)  is  undesirable  due  to  the  possibility  of  inadvertent  voltage  shorting 
to  these  critical  circuits.  Coupled  with  the  possibility  of  additional  failures 
within  the  PCD,  inadvertent  DC  torque  motor  or  gas  generator  activation  could  occur. 

Both  the  "good  separation"  and  "gas  generator  initiate"  circuits  should 
be  isolated  (non-adjacent)  from  all  other  current  carrying  pins  within  the  input 
electrical  connector.  This  can  be  accomplished  by  strategically  reassigning  circut 
pin  designations.  Isolation  at  the  backside  (internal)  of  the  connector  is  being 
provided  via  ribbon  type  wiring  layouts. 

Optimization  of  the  electrical  connector  pin  layout  would  further  enhance 
PCD  safety  without  affecting  reliability. 
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Logic  Operations: 
Output 

i 


t — r 

Input 

Output 


Input 


The  AND  GATE  describes  the  logical  operation  whereby 
the  coexistence  of  all  input  events  are  required  to  pro¬ 
duce  the  output  event.  . 


The  OR  GATE  defines  the  situation  whereby  the  output 
event  will  exist  if  any  or  all  of  the  input  events  is 
present. 


The  RECTANGLE  identifies  an  event,  usually  a  mal¬ 
function,  that  results  from  the  combination  of  fault 
events  through  the  logic  gates. 

The  HOUSE  indicates  an  event  that  is  noi  nally  expected 
to  occur.  For  example,  it  may  be  used  to  represent 
the  event,  "Timing  pulses  present". 

The  CIRCLE  describes  a  basic  fault  event  that  requires 
no  further  development.  This  category  includes  com¬ 
ponent  failures  whose  irequency  and  mode  of  failure 
are  derived  through  laboratory  testing  or  historical 
d  a  t  a . 

The  DIAMOND  describes  a  fault  event  that  is  consider* 
basic  in  a  given  fault  tree;  however,  the  causes  of  the 
event  have'  not  In  en  diveluped  either  because:  Hie  event 
is  a  insufficient  ronsequen*  e  or  the  necessary  informa¬ 
tion  is  unavailable,. 

The  1  It  I  ANGLE  5-  indicate-  transfer  symbols.  A  line 
Iron  tie-  rue.;  of  the  triangle's  denotes  a  transfcr-in  ui.r 
line  f '  mv;  the  side  denotes  a  ti  any  :c  i  -  out.. 
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PCD  Reliabili ty  Analysis 


3.1  Introduction 

A  failure  modes,  effects  and  criticality  analysis  (FMECA),  and  reliability 
block  diagram  have  been  completed  and  updated  of  the  Pneumatic  Control 
Device  (PCD)  configuration  designed  as  a  part  of  Phase  I  of  the  Pershing  II 
Adaption  Kit  Program. 

The  analyses  have  been  accomplished  in  accordance  with  CDRL  A014  "Reliability 
Mathematical  Model",  and  CDRL  A015  "Reliability  Failure  Modes,  Effects  and 
Criticality  Analyses  Report",  and  in  conformance  with  data  items  DI-R-1732 
and  DI-R-1734  with  the  same  respective  titles. 

3 . 2  Failure  Mode,  Effects  and  Criticality  Analysis  (FMECA) 

Attached  is  the  FMECA  for  the  PCD.  It  is  presented  in  standard  format  and 
represents  a  preliminary  examination  of  failure  modes  within  the  PCD.  It  should 
be  noted  that  only  one  of  the  dual  channels  is  discussed  and  failure  of  a  piece 
part  or  assembly  in  one  channel  does  not  dud  or  affect  the  other  channel. 

The  FMECA  are  being  conducted  on  an  iterative  basis  and  will  be  updated 
periodically  to  reflect  design  changes,  and  to  add  additional  detailed 
information  as  it  becomes  available. 

3.3  Reliability  Block  Diagram 

\ 

Figure  3-1  shows  the  serialized  elements  of  one  PCD  channel.  The  use  of  dual 
channels,  each  of  which  is  inherently  reliable,  assures  a  high  probability 
of  success  for  the  PCD  function.  However,  crossovers  providing  additional 
redundancy  should  >-e  considered  to  improve  or  enhance  PCD  reliaility.  The 
block  diagram  is  provided  for  future  use  in  assigning  probabilities  of 
success  and  subsequent  PCD  reliaility. 
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2)  DC  Motor  (-)  Wiring  24  gauge  Teflon  insulated.  Major 

operational  wiring  Connector  MIL-C-38999 
or  connector  pin 
open. 


3}  DC  Motor  (+)  Wiring  24  gauge  Teflon  insulated. 

Telemetry  wiring 
shorts. 
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Preliminary  EMI  testing  was  performed  on  a  Raymond  Engineering  electro- 
IJ  mechanical  arming  device  representative  of  the  active  part  of  the  Pneu- 
II  matic  Control  Device  (PCD). 


The  results  of  these  tests  follow. 


FORWARD 

AVCO  as  subcontractor  to  Raymond  Engineering  has  been  responsible  for 
guiding  EMC  of  the  PCD.  To  facilitate  these  efforts  Raymond  has  provided  an 
electromechanical  arming  device  representative  of  the  final  design.  Potential 
for  conducted  emissions  from  drive  lines  and  any  other  identifiable  EMI  problems 
were  to  be  identified. 

The  arming  device  was  included  in  a  demonstrator  package  which  provided  the 
.  proper  sequence  and  drive  signals.  Since  the  clocking  rate  of  the  demonstrator 
was  slow  compared  to  the  intended  operation,  a  true  modeling  would  not  be  ideal. 
Noting  that  the  SACA  breadboard  was  soon  to  be  available,  it  was  decided  that  . 
waiting  for  it  with  the  intention  of  using  it  to  drive  the  PCD  would  provide  a 
timely  test  for  both  units.  An  additional  benefit  of  the  microprocessor  based 
SACA  would  be  the  case  with  which  the  arming  routine  could  be  looped  to  create 
a  regenerative  code  without  need  for  reset. 

Due  to  time  restrictions  placed  upon  the  Raymond  demonstrator  actual  pre¬ 
liminary  testing  was  limited  to  problem  areas  previously  identified  specifically 
conducted  emissions  and  susceptibility.  Results  of  that  testing  follows. 
Equipment  List 

•Electrometries  Analyzer,  Model  EMC  -  25R4, Serial  #  467 

lOKHz  -  lGHz 

Electrometries  Programmer,  Model  ESC-125A,  Serial  #  142 

Electrometries  Interference  Analyzer,  Model  EMC  10E,  Serial  #  523 

20Hz  -  50Kllz 

Stoddart  Electro  Syst  Current  probe,  Model  91550-1,  Serial  #  BF-19S 

30Hz  -  100MHz 

Hewlett  Packard,  V1IF  Generator,  Model  608D,  Serial  #  1513 


Striplino  -  AVCO 


150;n!z  -  30>P.!z 


Discussion  of  Tests: 


.  Figure  (  1  )  shows  the  levels  observed  on  the  open  drive  line  wires 

\4iile  performing  the  conducted  emissions  tests.  Note  that  the  three  driver 
lines  were  collectively  grouped  and  passed  through  the  current  probe,  through¬ 
out  operation  it  can  be  seen  that  the  observed  levels  remained  considerably 
below  these  specified  as  limits  for  MIL-STD-461A  (refer  to  corrected  curve*)* 

In  determining  the  susceptibility,  the  ability  to  couple  into  the  circuit 
and  cause  malfunction  was  illustrated  by  placing  the  Arming  device  into  a 
stripline  generated  electric  field.  Referring  to  Table  (4  ),  levels 

measured  during  testing  indicated  no  significant  coupling  nor  did  the  tests 
provide  any  malfunction  of  the  SACA  as  a  result  of  driving  the  arming  device. • 

As  was  anticipated,  signals  induced  measured  on  the  driver  lines  were- signifi¬ 
cantly  reduced  once  the  mechanics  of  the  arming  device  were  grounded. 

Conclusions: 

Conducted  emissions  from  the  drive  lines  over  the  range  of  lOKHz  thru 
100MHz  as  tested,  were  well  below  those  specified  in  MIL-STD-461A.  It  should 
be  noted  that  during  tests  that  the  SACA  driver  was  not  truely  saturating  as 
was  originally  intended,  thus  allowing  a  soft  turn-on  and  potentially  fewer 
emissions.  Despite  this  finding,  it  can  be  confidently  stated  that  with  the 
inclusion  of  recommendations  by  AVCO  of  shielded  lines,  enclosure,  transient 
protection  etc, ,  further  reductions  in  emissions  are  expected. 

The  modified  susceptibility  tests  indicate  no  significant  coupling  modes 
although  a  slight  sensitivity  to  orientation  was  noticed,  the  more  susceptible 
position  was  found  when  the  solenoid  axis  was  perpendicular  to  the  electric  field 
generated.  This  was  not  found  significant  enough  to  effect  any  mechanical  lay¬ 
out  at  this  time  although  future  consideration  of  extraordinary  fields  might 
take  note.  Since  testing  was  performed  on  the  unshielded  device  it  can  be  con¬ 
cluded  that  shielding  provided  by  an  enclosure,  emi  filters  and  other  EMI  re¬ 
duction  techniques  will  enhance  the  figures  of  this  test. 
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TABZg  3 


METER  READING 

-  PROBE  FACTOR 

,  &  CONVERSION 

(BROADBAND)  = 

SPEC. 

\ 

LIMIT 

Current  Probe, 

Model  91550-1 

•Serial  BF196 

Limit 

B.B. 

Meter 

Freq. 

461A 

Probe  Factor. 

Conversion 

Limit 

20  KHz 

135 

-11.5  = 

'  123.5 

43 

S’ 

80.5 

30 

127.5 

-  8  =  119.5 

43 

ss 

76.5 

40 

123 

-  5.5  - 

=  117.5 

42 

S3 

75.5 

50 

118.5 

-  3.7  = 

=  114.8 

42 

S3 

72.8 

60 

115 

-  3.0 

=  112.0 

42 

3S 

70.0 

70 

112.5 

-  1.0 

=  111.5 

42 

S3 

69.5 

80 

110 

0.2 

=  110.2 

42 

SB 

68.2 

90 

107.5 

1.2 

=  108.7 

42' 

S3 

66.7 

100 

106 

2.0 

=  108 

42 

e: 

66,0 

200 

93 

6.8 

=  99.8 

42 

u 

57.8 

300 

85 

9.1 

=  94.1 

42 

*3 

52.1 

400 

80 

•10.2 

=  90.2 

42 

VS 

48.2 

500 

75 

11.1 

=  86.1 

42 

vs 

44.1 

600 

72 

11.7 

=  83.7 

42 

vs 

41.7 

700 

70 

12.0 

=  82,0 

42 

xs 

40.0 

800 

67 

12.2 

«=  79.2 

42 

•  *3 

37.2 

900 

64.5 

12.7 

«  77.2 

42 

S3 
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Avco  in  a  continuing  effort  to  monitor  Electromagnetic  compatibility  (EMC) 
of  the  Pneumatic  Control  Device  (PCD)  makes  the  following  final  recommendations 
of  this  phase. 

Representative  models  of  the  PCD  have  suggested  that  compliance  with  MIL  461A 
at  the  driving  levels  and  speeds  experienced  when  driven  with  the  SACA  prototype  can 
be  realized*  An  attempt  to  soften  the  back-emf  generated,  at  the  PCD  itself 
should  remain  the  prime  concern.  Raymond  Engineering  has  met  the  problem  in  the 
past  with  a  compensating  (energy  absorbing)  RC  combination  picked  for  that  particu¬ 
lar  driven  coil.  Realizing  that'  this  combination  can  become  bulky  physically  when 
finally  arrived  at,  it  is  suggested  that  Transient  Protection  Devices  (TPD)  of  the 
semiconductor  variety  together  with  a  reverse  biased  diode  provide  a  similar  func¬ 
tion  with  a  savings  in  size  and  a  compatibility  with  all  coil  designs.  Recent  de¬ 
vices  by  Unitrode  Corp,  provide  a  timely  selection  of  devices  designed  for  this 
purpose,  (Attachment  I) 

Future  comments  will  use  the  results  of  additional  testing  in  later 
phases  where  configurations  closer  resembling  the  final  design  come  into  being, 
Present  models  would  indicate  that  an  attempt  to  "shave"  bulk  from  the  final  ver¬ 
sions  is  necessary  and  would  have  an  immediate  effect  of  altering  the  shielding 
effect  now  provided  by  the  present  approach.  Monitoring  future  designs  for  EMC 
is  strongly  suggested. 
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for  Microprocessor  and  iC  Protection  Applications 


FEATURES 

•  500.V  |»I  1'iiS  Poise  Pcr.v  I  Capability 

•  Cldmpinc  Time  ofl  *  !P  seconds 

•  Direct  Applicability  fat  ,•!!  pop'ilai 
Muri-ptv:  •.'■•■ms  and  It  !  unities 

•  '.tet.ili.itr-' ally  bended  -.embly  system 
to  assure  Iwu;  term  reliability 

•  Miniature  i.hsst'ncavd  I«'imr*ttc3lty 

■  scaled  p.ickve 


otsut.niOM 

Unit'.  (l"  S  TVS595  senes  of  transient 
voltare  suppressors  features  oxide 
p.is  .i'.  de.-1  /.-e-T  t>i>>  chrtv.  aith  fult 
faced  r- ;.i’tnr,:iciil  tvji’ds  no  Ijelh  sides  tc: 
acbit.^  ln«,li  mve  capability  and  negli¬ 
gible  electrical  decadal it  n  under  ie;v>atcJ 
su>i'.e  er  udition'  The. scries  is  espoof-lty 
usel'ii  in  protecting  mictopioeossof.  VOS. 
CVCS.  TTI ,  Schottky  TTl .  ECl.  PL  and 
linear  n  Piloted  circuits  from  spurious 
transient  disturbances. 


Aoreunr  •iaximum  ratings <>•  :s  c 

Stand-cff  VJMco.  V. 

Breakd j.st'  Vellore 

Fe’.'.ofd  Surf  •'  Current  (c  3  inSec  bad  sme«vave) 

Peak  Ptilsv  Current 

Peak  *i.he  r\.\or 

Po-‘,er,  C  rlimious 

Sterage  a.-u'f  pirating  Temperature 


50V  to  2S0V 
See  Table 
50A 

S^e  Table 
See  Gnpbr 
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inr.f>  r  <:  rii’t; 

Purir.  :r,i  ♦  p<  t.r .-  \  •  J ;  .I  ••  , •!  u-rent- ,-r  ; 

cfttn  r\i -y  t-rm-o  great  tw-o  ■  Ir.  .,jiu-*aC:f, 

theft  fere,  must  he  con-  loen'd  m  ov  -reli  *-l. ,  ton  v-  sys'-itl 
design  in  .  fj-'r  to  r<-:;.!i>e:l  ctfct:*!  j-  •<  -tn.mce  and 

reliability.  di.rinj:  beth  d  bens'erf  ilur.i!i.  n  ;-t.d  after 
trnnsiert  err  urronco  (sv  idy  state) 

Transients  may  result  f.\  m  ,i  .nnety  of  cm  s-'s  sue h  as  norm  ll 
switching  operation;,,  i.e  .  pr*v*»r  supply  tuni-ce  and  turn  off 
cycles,  routine  AC  Imes  ft.— tu  itirw-s  t!  i-  to  cham.ing  potter 
requirements  ot  hea.y  m  fustn.il  oqinomfr-t  -.r  abrupt  circuit 
disturbances  such  as  faults.  volt.ite  dips,  nv.’.nt  tic  coupling 
by  electro  mechanical  deuces,  and  lightning  surges.  With 
the  increasing  usage-  of  nncroy  rocesjois  and  associated 
integrated  circuits  (RAM:-,  ROMs.  pf-iON's.  I  0  tin, ices'  the 
question  of  transient  vclta,  c  protection  niu:t  be  consideied 
by  circuit  and  system  designers.  Voltage, transients  arc  a 
major  cause  of  component  failure  m  semiconductor  circuit 
applications.  Random  Inch  voltage  trar  siert  spikes  can 
permanently  damage  these  voltages-sensitivi  .devices  or 
disrupt  proper  system  operation.  Catastrophic  power  supply 
conditions  are  not  necessarily  what  should  concern  the 
designer  most  —  just  norma1  po.\c-r  supply  on  off  cycles  have 
the  potential  of  omitting  spikes  of  sufficient  energy  content 
to  blow  out  an  entire  device  chain.  Surviving  dev  ices  a'e  then 
suspect  and  may  be  only  marginally  effective  or  show  de¬ 
graded  performance.  Troubleshooting,  isolating  and  replacing 
damaged  devices  is  obviously  time  consuming  and  very  costly, 
especially  when  performed  in  the  field. 

’  While  most  microprocessor  and  1C  semiconductor  manufac¬ 
turers  design  some  form  of  diode-resisti.e  input  clamping 
network  cn  the  chip  itself,  transient  voltage  protection  offered 
is  very  minimal  —  on  the  order  of  several  watts.  Manufac¬ 
turers  are  also  reticent  in  making  device  performance  and 
reliability  claims  when  power  supply  operation  extends 
beyond  the  maximum  rated  level  cf  the  individual  device 
family  for  even  relatively  short  durations  such  ns  those  that 
may  be  encountered  during  on-off  transitions,  The  need  for 
some  protective  device  to  suppress  voltage  transient  is. 
therefore,  indicated. 

Unitrcdo's  TVS  50S  series  of  transient  voltage  suppressors 
offers.the  designer  significant  price-peiformauce  advantages 
over  competing  protection  methods  Their  miniature  size 
permits  simple  installation  on  "clov-e-in"  or  distributed  sys¬ 
tem  protection  applications  such  as  in  the  case  where  circuit 
boards  are  dispersed  throughout  an  electronic  r,<:k  or  largo 
enclosure.  Dispersed  usage  aids  in  system  troubleshooting 
and  also  affords  extendi  d  trem  dent  vr-lt.re  pvte-tion  cover¬ 
age  v.-heo-  the  like'ilu'.id  .*»»*>»•.  lor  uitom.il  -yt-111  .li-.tur- 
hance*,.  Mich  as  thr-'i-  o.iuv-d  |,y  i.  l.iyei  coil  du.  n  m-r  ha- 
nismt.  whole  laige -cum  ut  ti.m-.ienL.  ran  h->  mdo.  ,-d  to 
adjacent  logic  circuitry. 


ln-p.t-  ,f  if-.  -, ;  .  ft  ••  IVj  f»is  •  v.  i  series  is 
t  apv  ' ''  .>rsh-i  • r  1 ; p  :■  i  -r  fora 

1  md1::  - 1  •  •  <'  chu.iti-::-  K  i- '  a-  !:me  I  transients?*  near 
inst.ii.!  u.- -'us  abo-i!  !  * '0  seconds.  Tt-.e  series  also 
exhibits  I  'th  low  and  rep  ■otible  clamping  factors  thrcugticut 
the  pi-rlorm.i'icc  range. 


TftANi  l!  NT  VCLTAGE  bl«i>i  niSSOR  CKAKACTERIST  CS 

Unitrorii-’j  TVS'505  senes  *v-  been  devised  to  allow  for  case 
of  selection  as  a  system  e'eme-it.  It  is  instructive  to  CJtline 
salient  device  specification  parameters. 


STAND  Off-'  VOLTAGE 

The  proper  device  is  selected  m  coniunrtion  with  the 
nominal  power  supply  voltage  level  of  the  application.  Fot 
example,  to  suppress  transput  voltages  from  a  5-\olt  logic 
power  supply,  a  device  v.-ith  a  stand  off  voltage,  V  ,  of  5  vdts 
is  chosen  Stand-off  voltages  cthci  than  those  indicated  in 
the  specification  table  can  he  pro.ided. 


MAXIMUM  LEAKAGE  CURRENT 

Maximum  leakage  Current.  I.,  is  measured  at  V.-  to  indicate 
maximum  expected  current  cram  by  the  TVS  element.  V.fiile 
often  much  IcAer  in  actuality  than  irdieated  In  the  specifica¬ 
tion  table,  leakage  currert  'election  cai.  be-  performed  at  tit* 
factory  to  assure  lower  leakage  current  (or  chticalapplicatir  s 


MINIMUM  BREAKDOWN  VOLTAGE 

The  minimum  device  breakdown  voltage,  designated  by 
BV  (min),  corresponds  to  tne  point  at  which  voltage  clamping 
is  initiated  and  incorporates  application  design  factors  relat¬ 
ing  to  user  power  supply  rc-ru'aticn  tolerances  as  well  as 
system  operating  temperature  considerations.  This  parameter 
is  measured  at  a  test  current  cf  1  mA. 


MAXIMUM  CLAMPING  VOITAGF 

Maximum  Clamping  Volta.'e,  V  .  represents  the  maximum 
peak  voltage  appearing  acre's  the  device  who.)  subjected  H 
a  suigo  curt-tit  fnr  a  1  inillisou  nil  tune  duration.  Cl, imping 
voltage  i:>  n.innally  :.f>»i  ifi-  -I  ,t!  iiM'inuim  tab  ;l  jieak 
ptil-.e  viiii'-nt  loi  the  .|>-ohc  >«<  ««,  but  -s  ,il‘.  >  fiievu'e.l  .it 

llleim-iliete  nil**"  cuiii-nt  l«--.«-t .  llie  fs'.ik  |  ,;l  -  (  WH-Jit  (•* 
defined  a-,  an  <-xfmnenti.il  wev-.-f,  un.  See  f  igure  (1). 
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In  reviewing  present  prototypes  of  the  Pneumatic  Control  Device  (PCD)  the., 
following  explicit  final  recommendations  are  to  be  mentioned  to  assist  in  the  pr.o**:,.r 
duction  of  a  satisfactorily  hard  (nuclear)  component* 

(1)  Neutron  and  Gamma  levels  suggest  that  in  any  RC  circuit  (that  might  he 
used  to  soften  the  back  emf  of  the  solenoids)  used,  ceramic  type  capacitors  be  used 
with  carbon  resistors.  If  a  Transient  Protection  Device  (TFD)  is  used  it  should  be 
selected  with  a  times  three  safety  factor  for  its  power  rating  and  degradation  in 
stand  off  volr.agc  be  allowed  for.  In  attachment  I  of  this  document  a  recent  data 
sheet  from  Unitrode  provides  additions  to  those  devices  previously  recommended  with 
many  lower  voltage  types  now  available  in  the  5  watt  category, 

(2)  To  reduce  emission  levels  from  internal  surfaces,  that  they  be  treated 
with  a  low  z  material, 

(3)  Circuit  impedances  be  kept  low  (below  200  a  ). 

(4)  Good  grounding  surfaces  be  stressed  in  the  final  configuration  to 
assist  in  removing  replacement  currents, 

(5)  Teflon  as  an  insulator  and  Gold  as  a  conductor  be  avoided  as  materials, 

(6)  There  are  no  obvious  difficulties  in  the  present  winding  method  or  en- 

i 

capsulating  techniques, 

(7)  Core  material  will  not  be  seriously  effected  by  the  environments  to  be 


experienced, 


i  .  . 
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•  Clampmi  Tnni-i  l  1  >  10  s- 1  ivls 
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•  Miniature  glass  encased  In-rmi  tically 
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ruble  electrical  d-.T/adolivn  untb-r  repeM-ad 
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INTRODUCTION 

Durinfrtrensicrit'porods,  systems  v  iltaro'S  and  currents  are 
often  many  times-giv-alm  than  their  steady  Mat*.-  value*.,  and. 
therefore,  must  be  donsixior-.-d  m. derail  chvlii  uic  system 
design  in  order  to  ensure  required  circuit  performance  and 
reliability.  dutingbr.lh  the  transient, duration  and  after 
transient  occurrence  (steady  state). 

Transients  may 'result  from  a  variety  of  causes  such  as  norma! 
switching  operations,  i.o.,  p  -wer  supply  turn-en  und  turn-off 
cycles,  routine  AC  lines  fluctuations' 'due  t*'  changing  power 
requirements  of  heavy  industrial  equipment  or  abrupt  circuit 
disturbances  such  ns  faults,  voltage  dips,  magnetic  coupling 
by  electro-mechanical  devices,  and  lightning  suiges.  With 
the  increasing  usage  of  microprocessors  and  associated 
integrated  circuits  (RAMs.  ROMs,  pROMs,  1  0  devices)  the 
question  of  transient  voltage  protection  must  lie  considered 
by  circuit  and  system  designers.  VcHar.e  transients  are  a 
major  cause  of  component  failure  in  semiconductor  circuit 
applications.  Rand.au  high  voltage  transient  spikes  can 
permanently  dama.’.u  these  voltages-sensitive  devices  or 
disrupt  proper  system  operation.  Catastrophic  power  supply 
conditions  are  not  necessarily  what  should  concern  the 
designer  most  ~  just  normal  power  supply  on-off  cycles  have 
the  potential  of  omitting  spikes  of  sufficient  energy  content 
to  blowout  an  entire*  device,  chain.  Surviving  devices  arc  then 
suspect  and  may  be  only  marginally  effective  or  show  de¬ 
graded  performance  Troubleshooting,  isolating  and  replacing 
damaged  devices  is  obviously  time  consuming  and  very  costly, 
especially  when  performed  in,  the  field. 

White  most  microprocessor  and  1C  semiconductor  manufac¬ 
turers  design  some  form  of  diode-resistive  input  clamping 
network  on  the  chip  itself,  transient  voltage  protection  offered 
is  very  minimal  —  cn  the  order  of  several  watts.  Manufac¬ 
turers  are  also  reticent  in  making  device  performance  and 
reliability  claims  when  power  supply  operation  extends 
beyond  the  maximum  rated  level  of  the  individual  device 
family  for  eveirrelatively  short  durations  such  as  those  that 
may  be  encountered  during,  on-off  transitions.  The  need  for 
some  protective  device  to  suppress  voltage  transient  is, 
therefore,  indicated. 

Unitiode's  TVS  505  series  of  transient  voltage  suppressors 
offers  lire  dasig.ner  significant  price  performance  advantages 
over  competing,  protection  methods.  Their- -miniature  size 
permits  simple  installation  >»n  "close-in'  or  distributed  sys¬ 
tem  protection  application*  such  as  in  the  ca*  e  whore  circuit 
boards  arc  dispersal  throughout  an  electronic  rack  or  large 
cncloMiie.  Dispersed  u*.oi  ■*  auK  in  *-y  -U  m  tioiil<le--hoolii>|> 
jiiid  al*.(i  (illnlil*.  e»l.*ii.|.'d  li.m-  u  .l!  veil  t*  <  |>'«**i*  hen  i  evel 
ape  will  10  tlm  likehhei  <1  e»i-  !-.  lei  eih  in  d  v  'em  de-'lii 
hanccs.  such  as  the**  o  vi  • In  letay  «*i  c  *.!  dii.*n  ««•  •  ha 
nisms,  where  largo  current  tianueete  can  b«  mdu.ed  to 
adjacent  logic  circuitry. 


in- spite  uf  it«  sma'I  sir.e,  tlioTVSd'm>  «>&*$. .-'.sVfisqj'Wife.. 
capable  .c-l.d  *;.ipatino  t-.x’ v.-attn  peak  pul.w-paw-^/for-q-  ' 

1  inillisr  cso'i  d;iiati';n.  Rc*'-.'i)>i;>e  time  lotrahsierits  is  near 
ristantai.eou*. .  about  1  x  10  •'  seconds,  the  scrips  also  n 
e  xhibits  both  low  and  rcpaahblp -clamping-factors  throughout 
the  performance  range.  '' 


TftAWSlENl  VOLTAGE  SUiriit-SSOR  CHARACTERISTICS 

Dniiredc's  TVS  505  sorieshas  been  devised  to  allow  tor  ease 
of  selection  as  a*  system  element.  It  is  instructive  to  outiin-J 
salient  device  Specification  parameters. 


STAND-OFF  VOLTAGE 

The  proper  device  is  selected  in  conjunction  vyith  the 
nominal  power  supply  voltage  level  of  the  application.  For 
example,  to  suppress  transient  voltages  from  a  5-volt  logic, 
power  supply,  a  device  with  a  stand-off  voltage,  Vs,  of  5  volts 
is  chosen.  Stand-off  voltages  otner  than  those  indicated  in 
the  specification  table  can  be  provided. 


MAXIMUM  LEAKAGE  CURRENT 

Maximum  Leakage  Current.  I;.  is  measured  at  V-  to  indicate 
maximum  expected  current  drain  by  the  TVS  clement.  While 
often  much  lower  in  actuality  than  indicated  in  the  specifica¬ 
tion  table,  leakage  current  selection  can  bo  performed  at  the 
factory  to  assure  lower  leakage  current  fer  critical  applications. 


MINIMUM  f.REAKDOWN  VOLTAGE 

The  minimum  device  breakdown  voltage.  designated  by 
BV  'min),  corresponds  to  the  point  at  which  voltage  clamping 
is  initiated  and  incorporates  application  design  (actors  relat¬ 
ing  to  user  power  supply  regulation  tolerances  as  well  os 
system  operating  temperature  considerations.  This  parameter 
is  measured  at  a  test  current  of  1  mA. 


MAXIMUM  CLAMPING  VOLTAGE 

Maximum  Clamping  Voltage.  V  .  represents  the  maximum 
peal,  voltage  appearing  across  the  device  when  *uh|OCU  *1  to 
a  Miiie  niiii-ut  fm  , a  1  miile‘*'Oi*»irt  tun*1  itiiM’u'ii.  Clainpm  * 
vvl!  >.;i  i*.  n«  mull,  *.|>et  ih  ,t  ,n  nuvimmi-  i.iinl  peak 
pul  i*  v  mi*  ut  le«  the  *,pi  i  till  il-;i<  r  bill  i*.  ,*l'.u  pio.i.lwd  al 
i-iti  im-'d-.ite  pul't  c.uueii!  It  ,e|v.  I  he  peek  Mlbe  Clliu  is*,  is 
defined  as  an  exponential  wan  form.  See  Figure  il). 


Introduction* 


The  design  of  the  Pneumatic  Control  Device  (PCD)  Preliminary  Operational  Model 
(PCM)  has  been  reviewed  from  the  Human  Engineering  standpoint..  The  purpose  of 
the  review  was  to  ensure  that  the  PCD  design  has  considered  ease  and.  safety  of 
operation  while  the  device  is  being  utilized  during  development  and  test. 

Discussion. 

Of  prime  concern  to  human  safety  is- the  operation  of  the  warm  gas  generator 
which  emits  a  flame  of  up  to  +2100°F  for  seconds  when  activated. 

As  a  component  (prior  to  installation  in  the  PCD)  an  inadvertent  activation 
of  the  warm  gas  generator  could  cause  personnel  injury.  As  a  personnel  safety 
precaution  during  handling,  a  means  Cor  shorting  (shunting)  the  generator 
ini ti,  tor  leads  is  provided  to  preclude  initiation  from  external  sources  such 
as  static  electricity, 


With  the  gas  generators  installed  in  the  PCD  and  the  control  valve  in  the 
"SAFE"  position  an  electrical  short  (shunting)  of  the  initiators  is  provided 
on  the  control  driver  votary  switcher ,  This  provision  provides  protection 
against  an  inadvertent  activation  if  sufficient  electrical  energy  were 
available  to  the  gas  generator  initiators  under  a  fault  condition. 

With  the  control  valve  rotated  between  the  "SAFE"  and  "APJ1  position  the 
■initiators  remain  shortec.  If  a  failure  occurred  in  the  PCD  resulting  ip 
inadvertent  initiation,  release  of  the  gas ,b locked  from  exiting  the  safety 
port  and  transfer  tube,  would  be  through  a  blowout  plug  on  the  generator 
allowing  mans  dispersion  of  the  warm  gas  in  a  safe  manner. 


An  added  safety  feature  of  the  PCD  is  a  "SAFE"  and  "ADM"  indicator  located 
at  the  control  \r.lvc  ball  location,  'ibis  indicator  provides  positive  visual 
means  for  personnel  to  determine  control  valve  position  and  initiator  shorting 
s  t;  r.  tu  s , 


C-l 


•Future  .T)c-Vf-J.op?cr-tc 

In  further  fabrication  of  the  FCD,  human  factors  will  continue  to  monitor 
the  wain  gas  generator  during  handling,  installation  and  test.  Additional 
consideration  will  be  given  to  assure  protection  against  human  error;  i.e,, 
improper  installation  of  gears,  cam  lock  devices,  code  wheels,  shafts, 
clutches,  solenoids,  and  electrical  contacts, 
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HALT,  VALVB  WKIK  -K  ANMjYtflrS 


(X:)  With  a  (15 ^wedging  angle  it  can  be  shown  that  the  lateral¬ 
acting  "keeper"  balls  will  act  as  sane-way  locks  on  the  vertical 
valve  stem.  Specifically,  wedge  movement  would  be  reversible 
-  for  sufficiently  high  reverse  thrust  from  the, valve  only  if 
friction  at  each  wedge  face  remained  jKelow  a  .13  coefficient 
.  value.  For  steel-on-steel  (or  titanium)  sliding  friction  would 
most  probably  exceed  this  level. 

(2)  Similarly,  the  (7°  ball  seat, wedge  angle  would  theoretically  require 
friction  coefficient  {kelow  .06-in  order  that  sufficiently  high 
pressure  be  able  to.  r eve rsej. wedging  action.  Though  such  low  fric¬ 
tion  levels  seem  extremely  unlikely,  it  has,  in  fact,  proved 
necessary  to  provide  a  *60  pound  valve  stem  forward  force  to  main¬ 
tain  a  pressure  seal  (this,  versus  an  -18" to-  25  pound  maximum 
reverse  .force  component  due  to  pressure).  In  all  probability, 
initial  pressure  leaks  result  from  the  slightest  imperfections 

at  the  input  seat,  where  internal  (pressure)  forces  initially 
tend  to  open  the  seat  seal.  When  the  currently  open  viewing 
window  eventually  is  closed  on  the  valve  chamber , I  the  secondary 
seals  already  present  in  the  design  could  obviate^the  leakage 
tendency  as  chamber  pressure  equalizes  to  internal  passage  pres¬ 
sure.  This  would,  in  turn,  reduce  the  valve  stem  seating  force 
requirement  ,\ 
t  s 

(3)  With  reference,  again  to  the  15°  "keeper"  wedge,  the  attached 
sketch  is  meant  to  serve  as  a  convenient  example  to  establish 
that,  even  in  the  presence  of  irreversible  (one-way  acting) 
wedging,  repetitive  applied  forces  do  not  lead  to  cumulative 
build-up  of  locking  stresses.  (a)  Wedge  spring  force  (F)  is 
initially  sized  to  move  the  wedge  laterally  so  as  to  establish 

a  1000  pound  (assumed  arbitrarily)  vertical  load  on  the  ball  seat, 
(b)  If  an  additional  5  pound  force  is  subsequently  applied  to  the 
ball,  the  following  scenario  ensues:  The  added  5  pound  can  not 
of  itself  add  to  ball  seat  loading  since  exceeding  the  existing 
1000  pound  seat  load  would  imply  further  seat  deflection,  which 
would,  in  turn,  unload  the  wedge,  requiring  at  least  an  additional 
1000  pounds.  Rather,  the  wedge  load  simply  reduces  to  995  pounds, 
so  that  spring  force  (F)  becomes  unbalanced  and  moves  the  wedge 
deeper  to  the  left  to  reestablish  a  1000  pound  reaction  force  at 
the  ball.  This  requires  downward  shift  of  the  ball  and  therefore 
additional  deflection  of  the  ball  seat,  which  now  becomes  loaded 
to  a  total  of  1005  pounds.  (c)  The  1005  pound  seat  load  xemchins 
when  the  5  jx>und  ball  load  in  removed,  assuming  irreversibility 
of  wedging  action.  Wedge  reaction  lores,  moreover,  jumps  up  to 
balance  the  1005  pound  seating  load.  (d )  If  up  to  5  j>ound  is  now 
reapplied  to  the  ball,  no  further  loading  occurs  since  wedge 
reaction  drops  only  to  1000  pounds,  at  or  beyond  which  the  spring 
force  (F)  is  unable  to  advance  the  wedge  further.  The  5  pound 
initial  "surcharge"  thus  becomes  a  loading  threshold.  It  can  be 


.  <■'  & 

*  ‘  Al 

Moen  that  the  maximum  nut  chat  <j,ai  equ.fto:i  to,  tin*  one- shot  j « * . iK 
level  of  extraneous  additional  ( nliock  or  vibration)  loadi nq . 
furthermore,  if  the  initial  (w-dge  spring  induced)  neat  load 
ia  quite  high  relative  to  i;uch  extraneous  subsequent  peaks* 
the  surcharge  effect  will  tend  to  be  insignificant. 


Variations,,  witnin  drawing  limits,  of  parts  will  be  compensated  for 
because  location  of  the  weld  head  is  based  on  the  actual  part  being  welded. 

Receiving,  manufacturing  and  assembly  inspections  will  occur  at  appropriate 
points  throughout  the  program.  The  following  charts  (with  notes)  show 
the  flow  of  parts  and  assemblies  through  inspection  points,  and  the  proper 
chain  of  events  when  parts  or  assemblies  are  rejected. 
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Reentry  Sensor  -  System  Safety  Analysis .,  1 


i 

The  reentry  sensor  recieves  its  solenoid  unlock  signal  late  in  the  missile  flight  j 
(Tc0+375  s)f  Prior  to  Tc0+375,  two  simultaneous  faults  have  to  Occur  for  a  pre-  . 

mature  output.  First  SACA  functional  power  must  be  supplied  prematurely  (normal  “j 
time  also  Tc0+375s),  and  secondly  a  fault- must  occur  within  the  reentry  sensor., 
Sensor  failures  hypothesized  are:  1)  input/output  wire  shorts  078),  or  2)  contacts 
failing. closed  ,(e.g.  contamination) (Y9) .  These  combined  failures  would  bypass  j 
power  around  the  normally  open  switch  of  the  sensor.  The  sensor  faults  in  exist- 
ence  after  normal  functional  power  is  applied  to  the  sensor  would  result  in  bypass! 
the  reentry  sensor  function  if  reentry  deceleration  was  not  attained.  These'  failure 
are  considered  to  be  most  critical  hypothesized.  Additional  fault  paths  for  pre¬ 
mature  output  requires  additional  coexisting  faults.  i 

i 

The  failure  modes  discussed  can  be  eliminated  or  controlled  by  1)  isolating 
input/output  switch  wires  from. each  other;  and  2)  by  providing  sufficient  spacing 
between  switch  contacts  to  preclude  most  commonly  encountered  contaminants. 
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PALL  VALVE  WEDGE  ANALYSIS 


(1.)  With  a  £5^ wedging  angle  it  can  be  shown  that  the  lateral¬ 
acting  "keeper"  balls  will  act  as  one-way  locks  on  the  vertical 
„ valve  stem.  Specifically,  wedge  movement  would  be  reversible 
for  sufficiently  high  reverse  thrust  from  the, valve  only  if 
friction  at  each  wedge  face  remained  jSelow  a  .13  coefficient 
,  value.  For  steel-on-steel  (or  titanium)  sliding  friction  would 
most  probably  exceed  this  level. 

i 

(2)  Similarly,  the  {7°  ball  seat’, wedge  angle  would  theoretically  require 
friction  coef f icient {lielow  .06-in'order  that  sufficiently  high 
pressure  be  able  to.  reverse^wedging  action.  Though  such  low  fric¬ 
tion  levels  seem  extremely  unlikely,  it  has,  in  fact,  proved 
necessary  to  provide  a  *60-  pound  valve  stem  forward  force  to  main¬ 
tain  a  pressure  seal  (this,  versus  an *16- to-  25  pound  maximum 
reverse  .force  component  due  to  pressure).  In  all  probability, 
initial  pressure  leaks  result  from  the  slightest  imperfections 

at  the  input  seat,  where  internal*  (pressure)  forces  initially 
tend  to  open  the  seat  seal.  When  the  currently  open  viewing 
window  eventually  is  closed  on  the  valve  chamber ,T the  secondary 
seals  already  present  in  the  design  could  obviate^the  leakage  . 
tendency  as  chamber  pressure  equalizes  to  internal  passage  pres¬ 
sure.  This  would,  in  turn,  reduce  the  valve  stem  seating  force 
requirement?  ,\ 

(3)  With  reference,  again  to  the  15°  "keeper"  wedge,  the  attached 
sketch  is  meant  to  serve  as  a  convenient  example  to  establish 
that,  even  in  the  presence  of  irreversible  (one-way  acting) 
wedging,  repetitive  applied  forces  do  not  lead  to  cumulative 
build-up  of  locking  stresses,  (a)  Wedge  spring  force  (F)  is 
initially  sized  to  move  the  wedge  laterally  so  as  to  establish 

a  1000  pound  (assumed  arbitrarily)  vertical  load  on  the  ball  seat, 
(b)  If  an  additional  5  pound  force  is  subsequently  applied  to  the 
ball,  the  following  scenario  ensues:  The  added  5  pound  can  not 
of  itself  add  to  ball  seat  loading  since  exceeding  the  existing 
1000  pound  seat  load  would  imply  further  seat  deflection,  which 
would,  in  turn,  unload  the  wedge,  requiring  at  least  an  additional 
1000  pounds.  Rather,  the  wedge  load  simply  reduces  to  995  poundis, 
so  that  spring  force  (F)  becomes  unbalanced  and  moves  the  wedge 
deeper  to  the  left  to  reestablish  a  1000  pound  reaction  force  at 
the  ball.  This  requires  downward  shift  of  the  ball  and  therefore 
additional  deflection  of  the  ball  seat,  which  now  becomes  loaded 
to  a  total  of  1005  pounds.  (c)  The  1005  pound  seat  load  remains 
when  the  5  pound  ball  load  is  removed,  assuming  irreversibility 
of  wedging  action.  Wedge  reaction  force,  moreover,  jumps  up  to 
balance  the  1005  pound  seating  load.  (d)  If  up  to  5  pound  is  now 
reapplied  to  the  ball,  no  further  loading  occurs  since  wedge 
reaction  drops  only  to  1000  pounds,  at  or  beyond  which  the  spring 
force  (F)  is  unable  to  advance  the  wedge  further.  The  5  pound 
initial  "surcharge"  thus  becomes  a  loading  threshold.  It  can  be 


Been  that  the  maximum  surcharge  equates  to  the  one-shot  peak 
level  of  extraneous  additional  (shock  or  vibration)  loading. 
Furthermore,  if  the  initial  (wedge  spring  induced)  seat  load 
is  quite  high  relative  to  such  extraneous  subsequent  peaks, 
the  surcharge  effect  will  tend  to  be  insignificant. 
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2 . 0  DESCRIPTION  OF  GAS-SUPPLY  SYSTEM 

The  major  components  of  the  gas-supply  system  are  shown 
schematically  in  Figure  1.  The  entire  system  is  initially 
"soaked-out"  at  an  ambient  temperature  which  may  range  from 
-29  to  +125  F.  When  power  is  required,  the  gas  generator  is 
ignited  and  supplies  hot  gas  through  the  valve,  supply  tube,  and 
nozzle  to  the  turbo-generator.  In  order  to  accelerate  the  turbo¬ 
generator  rapidly,  a  high  gas  flow  is  used  to  produce  high  power 
during  a  5-second  boost  phase,  after  which  the  gas  flow  is 
reduced  to  a  lower  value  for  the  approximately  60-second  sustain 
phase.  The  required  gas  horsepower  at  the  nozzle  is  shown  in 
Figure  2*.  While  high  gas  temperature  is  of  course  desirable, 
since  for  a  given  gas-flow  rate  the  gas  horsepower 


GHP 


1545  2  — 

T5TT  w2  M2 


*It  was  not  clearly  specified  by  Raymond  Engineering  during  the 
course  of  the  work  reported  here  whether  the  requirement  was  to 
produce  the  two  GHP  vs  time  traces  as  shown  for  the  two  extreme 
ambient  conditions,  or  to  produce  the  same  average  power  as 
shown  for  each  phase,  or  to  stay  within  the  envelope  of  the  two 
traces.  For  future  work  by  Avco  this  specification  is  not 
necessary;  however,  it  seems  that  the  general  goal  is  to 
produce  the  same  average  power  as  shown  for  each  phase.  (The 
power  requirements  for  the  sustain  phase  have  also  been 
changed  from  1.058  to  1.148  and  from  1.720  to  1.866  GHP.) 


E-l 


TECHNICAL  REQUEST/RELEASE 


FROM 


R.  T.  Salter 


Page 


of 


DATE 


7/11/77 


(where  w2  is  the  gas-flow  rate,  lb/s;  y  the  ratio  of  specific 
heats  of  the  gas;  T2  the  gas  temperature  at  the  nozzle,  R;  m2 
the  gas  molecular  weight;  pe  the  turbine  exhaust  pressure  (one 
standard  atmosphere),  and'P2  the  gas  pressure  at  the  nozzle)  is 
directly  proportional  to  the  gas  temperature,  the  maximum 
allowable  gas  temperature  at  the  nozzle  is  1800  F. 

As  originally  specified,  Avco's  responsibility  for  the 
analysis  extended  from  the  ga^s-generator  exit,  at  which  Avco 
was  to  specify  the  gas-flow  rate,  through  the  nozzle,  at  which 
point  the  gas  horsepower  was  to  satisfy  the  requirements  of 
Figure  2. 


3.0  GAS  PROPERTIES 

Two  propellants,  specified  by  Don  Keathley  of  Raymond 
Engineering,  were  considered.  Their  compositions  are  given  in 
Table  1;  minor  constituents  (<1%)  were  ignored. 


TABLE  1.  PROPELLANT  COMPOSITIONS  (MOLE  FRACTIONS) 

TAL  431  (m  =  19.1)  OMAX  541  (m  =  20.0) 


Hydrogen,  H2 

0.271 

0.288 

Water,  H2O 

0.299 

0.109 

Nitrogen,  N2 

0.202 

0.254 

Carbon  Monoxide,  CO 

0.156 

0.257 

Carbon  Dioxide,  CO2 

0.072 

0.060 

Methane,  CH4 

0.000 

0.032 

1.000  1.000 


(The  ratio  of  specific  heats  for  both  propellants  is  given  as 
1.27.) 

The  gas  properties  required  for  the  thermal  analysis  are 
the  viscosity  ft,  specific  heat  (at  constant  pressure)  Cp,  and 
Prandtl  number  Npr.  Although  the  thermal  conductivity  k  does 
not  appear  explicitly  in  the  heat-transfer  formulations  used, 


Figure  2 .  Gas  horsepower  requirements 


Tune  Cserc.) 
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it  is  required  to  determine  the  value  of  the  Prandtl  number 
(Npr  =  Cp  gc  f*.  /k)  unless  that  quantity  is  directly  available. 
The  specific  heat  _is  of  course  implied  by  the  given  values  of 
m  and  y  :  cp  =  >R/(y-l)  iri,  where  R  is  the  universal  gas 
constant  1.986  B/lbmol*R. 


TAL  431:  cp  =  0.489  B/lb»F 
OMAX  541:  cp  **  0.467  B/lb*F 
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The  values  of  viscosity,  thermal  conductivity,  and  Prandtl 
number  may  be  significantly  affected  by  the  relatively  large 
amount  of  hydrogen  in  the  mixtures.  Simple  weighted  averaging 
does  not  apply  to  transport  properties  of  such  gas  mixtures. 

The  viscosities  of  the  mixtures  were  calculated  from  the 
expression (1) 


where 


^W.  M.  Rohsenow  and  J.  P.  Hartnett,  "Handbook  of  Heat  Transfer, 
McGraw-Hill,  1973. 
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and  V  is  the  number  of  components  of  the  mixture.  At  a  tempera¬ 
ture  of  1500  F,  the  resulting  values  of  viscosity  are 


TAL  431:  gcjU-  =  0.101  lb/h‘ft 
OMAX  541:  gcfx  =  0.00995  lb/h*ft. 


both  of  which  are  very  close  to  the  viscosity  of  water  vapor, 
nitrogen,  carbon  monoxide,  or  carbon  dioxide  (or  air)  at  the 
same  temperature, ^ 0.102  lb/h*ft.  The  value  gcp-  =  0.100 
lb/h*ft  was  used  in  the  analysis  for  both  propellants. 

The  thermal  conductivities  of  the  mixtures  are  expected  to 
be  more  strongly  affected  by  the  presence  of  the  hydrogen.  In 
order  to  calculate  the  thermal  conductivity  of  such  a  gas 
mixture  by  the  methods  of  Reference  1,  the  thermal  conductivities 
of  the  components  must  be  split  into  monatomic  and  diffusional 
contributions,  and  separate  expressions  (of  which  the  simpler 
one  is  similar  to  the  one  used  for  viscosity)  used  to  calculate 
the  two  contributions  to  the  mixture  thermal  conductivity.  There 
was  not  enough  time  allotted  to  this  task  to  perform  these 
calculations. 

Instead  of  determining  the  thermal  conductivity,  a  value  for 
the-  Prandtl  number  was  obtained  directly  from  a  chart  for  mixtures 
of  hydrogen  and  hydrocarbons^).  NPr  =  0.6.  The  use  of  this 
value,  which  is  not  for  the  specific  gas  mixtures  and  tempera¬ 
ture  considered,  introduces  an  uncertainty  in  the  gas  heat- 
transfer  coefficients  used  in  the  analysis.  However,  even  if 
the  true  value  of  the  mixture  Prandtl  number  is  as  low  as  0.4, 
the  resulting  error  in  the  heat-transfer  coefficient  is  only 
25%,  which  is  comparable  with  typical  uncertainties  in  heat- 
transfer  correlations. 


Personal  communication,  M.  Ziering. 
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4.0  GAS  HEAT-TRANSFER  COEFFICIENTS 


The  gas-to-wall  heat-transfer  coefficients  were  calculated 
from  the  expression 


h  =  Nst  G  cp. 


where  Nst  is  the  Stanton  number  and  G  the  mass  flow  rate  per 
unit  area.  The  value  of  the  Stanton  number  was  obtained  from 
the  Kays  and  London^)  correlation  (Figure  7-1,  p.  123)  of 
Nst  Npr^/3  (Tw/Tm)  n  vs  NRe,  where  Tw  is  the  wall  temperature, 

Tm  the  mean  gas  temperature,  and  NRe  =  GD^/gcf*.  the  Reynolds 
number  (D^  is  the  flow-passage  diameter) .  The  recommended 
value  of  the  exponent  n  for  cooling  of  the  gas  is  zero  for  all 
Reynolds  numbers  outside  the  laminar-turbulent  transition 
region  (2  6;  1CT3  nRs  ^  10)  .  Unfortunately,  the  gas-flow  rates 
of  interest  in  the  0.2 1-in. -ID  tube  lie  mostly  within  the 
transition  region  (w  =  0.0038  lb/s  corresponds  to  NRe  =  10  000) 
where  the  va^ue  of  n  is  not  given  and  the  correlation  is  in 
general  more  uncertain.  A  value  of  n  =  0  was  also  assumed  for 
this  region.  The  correlation  of  Ngt  Npr2/3  vs  NRe  also  depends 
on  the  L/D  ratio  of  the  tube.  Tubes  10-  and  20-in.  long  have 
L/D  ratios  of  47.6  and  95.2;  the  curves  for  L/D  =  50  and  100 
were  used.  The  curves  for  T  constant,  rather  than  AT  constant, 
were  used. 

The  use  of  correlations  for  finite  L/D  ratios  automatically 
includes  the  effect  of  the  enhanced  entrance-region  heat  transfer 
in  the  mean  value  of  h  over  the  tube  length.  For  the  valve  flow 
passage,  which  is  only  2.5  L/D,  a  special  expression  due  to 
Latzko^4)  for  entrance-region  heat  transfer  was  used: 


■*W.  M.  Kays  and  A.  L.  London,  "Compact  Heat  Exchangers,"  2nd 
ed.,  McGraw-Hill,  1964. 

4W.  H.  McAdams,  "Heat  Transmission,"  3rd  ed,  McGraw  Hill,  1954. 

E-7 


Ml 


l* 

y 


TECHNICAL  REQUEST/RELEASE 


hx/hoo  =  °*866  NRe°*055  (Di/x)°*22, 


where  hx  i?  the  heat-transfer  coefficient  at  distance  x  from  the 
inlet,  and  h^  the  heat-transfer  coefficient  for  an  infinitely 
long  tube.  The  mean  heat-transfer  coefficient  in  the  valve 
passage  was  determined  by  integration  to  be 


f  MOM 
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Hy  =  (0.866/0.78)  (Dj/Dv) 


0.22 


N 


0.055 


Re 


*oo 1 


where  the  passage  length  was  taken  to  be  the  valve-ball  diameter 

V 


N 


Re 


Application  of  this  expression  when  the  Reynolds  number 
=  G  Di/gcju.  falls  in  the  transition  region  presents  a 


problem,  since  the  curves  for  Stanton  number  in  an  infinitely 
long  tube  are  not  shown  for  3  <  1q3  NRe  <  10.  In  this  region, 
^L/D=100  was  used  instead  of  h^ .  The  values  for  gas-to-valve 
heat-transfer  coefficient  and  the  resulting  values  for  gas- 
temperature  drop  in  the  valve  are  thus  uncertain  for  the  lower 
flow  rates  (w  0.038  lb/s). 
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5.0  ANALYSIS  OF  THERMAL  TRANSIENT 
5.1  SUPPLY  TUBE 

In  order  to  understand  the  transient  behavior  of  the  gas- 
flow  system,  some  simplified  preliminary  analyses  were  performed. 
First,  the  thermal  time  constant  V  of  the  tube  wall  was  determined: 
'C  -  pc£/h,  where  p  is  the  tube-wall  density,  c  its  specific 
heat,  and  £  its  thickness*.  The  thermal  time  constant  is  the 


*Since  the  tube  wall  is  not  thin  relative  to  its  diameter,  its 
thickness  S  was  replaced  by  <S'  =  (Dd2-D^2)/4  Dj_ ;  i.e.,  the 
ratio  of  cross-section  to  perimeter.  This  effective  thickness 
is  about  10%  greater  than  the  actual  thickness. 
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time  required  for  the  difference  between  the  wall  and  gas 
temperatures  to  become  the  fraction  1/e  of  the  initial  difference, 
for  constant  gas  temperature  and  heat-transfer  coefficient.  The 
magnitude  of  the  time  constant  depends  on  the  gas-flow  rate: 


Tube-wall  thermal  mass  per  unit  area 
fc  5'  =  0.33  lb/in.3  x‘€.09  B/lb-F  x  0.0219  in.  x  144 
in.2/f t2  =  0.0937  B/ft2-F 

1.  Boost  phase,  w  =  0.0049  lb/s  (flow  required  to  obtain 
specified  GHP  at  Ta  =  125  F,  Tg  =  1800  F  with  OMAX  541): 

^L/D=100  =  0.0435  B/s*ft2*F 
T  =  0.0937/0.0435  =  2.15  s. 

2.  Sustain  phase,  w  =  0.0014  lb/s  (flow  required  to  obtain 
specified  GIIP  at  Ta  =  -29  F,  Tg  =  1800  F  with  OMAX  541)  : 

hL/D=100  "  °-0080  B/s-ft2-F 
T  =  0.0937/0.0080  =  11.7  s. 


The  first  value  of  T  shows  clearly  that  thermal  transients  will 
be  significant  in  the  5-second  boost  phase.  The  second  value 
shows  that  at  least  by  the  end  of  the  sustain  phase  the  thermal 
transient  will  be  over  (in  fact,  the  results  to  be  discussed 
below  show  that  the  boost  phase  leaves  the  system  nearly  in 
thermal  equilibrium  at  the  beginning  of  the  sustain  phase) . 

Consider  the  beginning  of  the  boost  phase.  The  velocity  of 
hot  gas  in  the  tube  is  about  20  ft/s  (because  of  the  choked-flow 
nozzle  downstream  of  the  supply  tube, the  pressure  is  proportional 
to  the  flow  rate,  and  therefore  the  gas  velocity  depends  primarily 
on  the  gas  temperature) .  The  transit  time  of  the  hot  gas  is 
about  0.05  s  in  the  10-in.  tube  and  0.10  s  in  the  20-in.  tube. 
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Since  the  time  constant  of  the  tube  wall  is  about  2  seconds, 
the  initial  gas  flow  in  the  boost  phase  will  pass  through  a 
tube  which  is  still  completely  cold.  The  tube  therefore  acts 
as  a  heat  exchanger  which  cools  the  gas.  The  amount  of  cooling 
depends  on  the  number  of  transfer  units  of  the  exchanger  for 
the  given  gas  flow:  Ntu  =  Ax  h/w  Cp  =  irD^  L  h/w  Cp,  where  L 
is  the  tube  length.  For  a  flow  rate  of  0.0049  lb/s  of  the 
TAL  431  propellant*  in  a  20-in. -long  supply  tube  (h  =  0.0455 
B/ s • f t2  *F) 

.  TkO.H  >«■  x  10  m-  x  04-Sg  S/s-ft*.  f  __  \  -j ^  ' 

Nt.  =  0.004-5  \lls  *  0.4*9  B/lt.f  ’  J 


the  corresponding  heat-exchanger  effectiveness  is 

£  s  "S-I h.  »  -  O.  ?24  , 

“Tw 

where  Tg^  is  the  gas  inlet  temperature.  Even  without  considering 
the  gas- temperature  drop  in  the  valve,  the  initial  gas  outlet 
temperature  for  the  -29  F  ambient  condition  would  be  Tg  =  2100- 
0.824  (2100  +  29)  =  346  F.  This  result  cannot  be  changed  by 
insulating  the  tube;  the  heat  loss  is  not  from  the  outside  of 
the  tube  but  is  directly  to  the  tube  itself  acting  as  a  heat 
sink.  The  only  way  to  achieve  a  significant  increase  in  the 
initial  gas  outlet  temperature  mother  than  preheating  the  supply 
tube)  would  be  to  increase  the  gas-flow  rate  drastically  (an 
order  of  magnitude  or  more)  in  order  to  increase  the  heat- 
transfer  coefficient  enough  to  make  the  thermal  time  constant  of 
the  tube  wall  comparable  with  the  gas- transit  time. 


♦Although  the  example  gas-flow  rates  are  based  on  preliminary 
calculations  by  Garrett  for  a  propellant  having  the  same 
molecular  weight  as  OMAX  541,  TAL  431  has  since  been  selected 
by  Raymond  Fng.  This  propellant  has  about  5%  higher  heat- 
transfer  coefficient  than  OMAX  541,  and  a  2100-F  burning 
temperature  vs  1925-F  for  OMAX  541. 
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The  complete  transient  solution  for  an  insulated  tube  with 
constant  gas  inlet  temperature  is  available  in  tabular  form  in 
Reference  3  (Chapter  3,  Case  18).  This  solution  is  valid  for 
the  hot-gas  flow  system  until  the  supply  tube  becomes  hot  enough 
that  radiation  from  the  outside  surface  becomes  significant. 

For  the  gas-flow  case  above,  where  the  initial  gas  outlet 
temperature  is  346  F,  the  outlet  temperatures  rise  to  920  and 
1520  F  after  2  and  5  seconds,  respectively.  These  results 
illustrate  the  highly  transient  nature  of  the  boost  phase. 

Consider,  on  the  other  hand,  the  end  of  the  sustain  phase. 

At  this  time  the  thermal  transient  is  over,  and  any  part  of  the 
tube  wall  is  in  thermal  equilibrium  between  the  heat  convected 
to  it  by  the  gas  inside  and  the  heat  radiated  to  the  surroundings 
outside.  The  energy  balance  for  the  gas  is 


—  vrc. 


=  TTDiX  CVV) 


and  that  for  the  tube  wall  is 


xT>j  (Tg-Tj  =  <rCTj-T,4)  , 


. 


where  £  is  the  thermal  emissivity  of  the  tube  outer  surface  and 
O' is  the  Stefan-Boltzmann  constant;  these  equations  can  be 
combined  to  yield  a  single  differential  equation  for  the  tube- 
wall  temperature  as  a  function  of  distance  along  the  tube; 
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Requirements 

The  requirements  for  the  Pershing  II,  Phase  I,  Warm  Gas  Generator 
are  listed  in  Table  I.  This  interface  specification  defines  the 
gas  generator  characteristics  necessary  to  operate  the  Pershing 
II,  Phase  I  Turboalternator  and  provides  a  basis  for  the  prelimi¬ 
nary  operating  model  design  and  test  effort  for  both  the  gas 
generator  and  turboalternator. 


Gas  Generator  Development 


To  provide  background  data  for  the  gas  generator  compatibility 
tests,  the  following  is  a  discussion  of  the  gas  generator  per¬ 
formance  at  the  end  of  Phase  I  development  program.  A  prelimi¬ 
nary  operating  model  of  the  warm  gas  generator  was  developed 
which  demonstrated  feasibility  and  indicated  the  stated  require¬ 
ments  could  be  attained.  At  this  point,  REI  indicated  that  the 
POM  gas  generator  would  require  changes  to  tailor  the  design  to 
produce  the  required  gas  horsepower  profile.  Since  the  actual 
gas  horsepower  required  to  operate  the  turboalternator  might 
further  change  the  design  requirements,  a  compatibility  test  was 
necessary  to  define  the  design  tailoring  for  the  gas  generator. 


Background  test  data  for  the  Phase  I  gas  generator  development 
is  provided  in  Figures  1  through  6.  These  gas  horsepower  curves 
show  the  REI  gas  generator  test  performance  as  compared  to  the 
required  limits  indicated  as  dashed  lines.  The  low  gas  horsepower 


TABLE  1 


?: 


OF  HOT 

SUSTAIN 


SOLID  PROPELLANT  CHARACTERISTICS 
GAS  SUPPLY  FOR  PERSHING  II  TURBOALTERNATOR 


BOOST 


*min 

*=•‘.420  psia 

*  *min 

*5 

900  psia 

P 

max 

*=  634  psia 

P 

max 

TZ 

1396  psia 

GHP  • 
min 

■  1.148 

GHP  . 
can 

« 

2.75 

GHP 

max 

**  1.866 

GHP 

max 

Z= 

4.53. 

T 

max 

*=  1800°F 

T 

max 

rr 

1800°F 

W 

min 

(REF) 

*  .0015  lb/sec 

w  . 

min 

(REF) 

85 

.0031  lb/sec 

W 

max 

*  .0022  lb/sec 

W 

max 

tr 

.0049  lb/sec 

(REF)  (REF) 


Generator  gas  should  be  filtered  and  the  maximum  permissible  particle 

4  \ 

is  .001  inch  in  diameter. 

Ambient  Temperature  MAX  =  +125°F 

MIN  =  -29°F 


NOTES: 

1)  The  total  burn  time  shall  be  55  seconds  and  the  boost  phase  shall 
not  exceed  5  seconds. 

2)  The  transition  from  boost  to  sustain  phase  shall  be  smooth. 

3)  Final  approval  of  propellant  requires  review  for  compatibility 
with  the  turboal  temator  and  other  components  within  the  system. 

A)  Nozzle  area  (nora)  =  .000409  in^ 
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in  the  beginning  of  the  sustain  phase  during  cold  tests,  the 
high  gas  horsepower  in  the  boost  during  hot  tests  and  the  gradual 
increase  of  gas  horsepower  during  the  sustain  phase  are  all 
correctable  problems  by  tailoring  the  POM  design. 


Description  of  Compatibility  Test  Units 

The  test  units  included  a  POM  gas  generator  and  control  valve 
assembled  together  with  the  Garrett  instrumented  transfer  tube 
attached  to  the  control  valve  output  plate  and  an  instrument  port 
on  the  chamber  cenJsrline  of  the  gas  generator. 


/***  $ 


Configuration  of  the  POM  design  for  the  gas  generator  and  control 
valve  is  defined  by  the  attached  assembly  drawing  (P/N  2379-100  and 
2379-200).  This  design  configuration  used  for  the  Garrett  compati¬ 
bility  tests  is  identical  to  the  units  prepared  for  the  REI  develop¬ 
ment  tests  at  the  end  of  Phase  I.  A  modified  valve  shaft  was  used 
during  these  tests  in  lieu  of  a  redesigned  valve  shaft  required  in 
Phase  II  to  withstand  the  valve  torque  requirement. 

Solid  propellant  from  the  Phase  I (test  lot  was  used  in  the  four  (4) 


gas  generators  tested  with  the  turboalternator.  The  second  lot  of 
solid  propellant  purchased  was  used  for  one  calibration  test  with 
gas  generator  only,  prior  to  the  four  (4)  compatibility  tests. 


The  instrumentation  schematic  for  the  four  (4)  gas  generator/ 
turboalternator  compatibility  tests  is  shown  in  Table  II. 


»  -y 


Compatibility  Test  Plan 


The  five  (5)  tests  at  Garrett  followed  the  sequence  listed 
below: 


Test  No.  Date 

GG  Propellant 

Temp  Cond. 

Test  Description 

1  2  Oct 

•  2nd 

Lot  T-433 

Ambient 

Calibration  GG  Only 

2  2  Oct 

1st 

Lot  T-433 

Ambient 

Compatibility  GG/TA 

3  3  Oct 

1st 

Lot  T-433 

Hot (125°F) 

Compatibility  GG/TA 

4  4  Oct 

1st 

Lot  T-433 

Cold(-29°F) 

Compatibility  GG/TA 

5  5  Oct 

1st 

Lot  T-433 

Cold(-29°F) 

Compatibility  GG/TA 

Compatibility  Test  Data 

The  gas  generator  test  data  for  the  five  (5)  compatibility  tests 
is  summarized  below: 


BOOST  SUSTAIN 


Run 

Date 

Test 

Desc. 

Peak 

Press 

Press 

Saddle 

Press 

End 

Burn 

Time 

Press 

Saddle 

Press 

End 

Final 

Time 

Final 

Temp 

(psig) 

(psig) 

(psig) (Sec) 

(psig) 

(psig) (Sec) 

(°F) 

1 

2 

Oct 

G.G. 

Amb. 

Temp 

1480 

1260 

1260 

4.7 

545 

790 

54.3 

1104 

2 

2 

Oct 

G.G./  1685 

T.A. 

Amp  Temp 

1275 

1500 

4.3 

615 

610 

52.0 

1059 

3 

3 

Oct 

G.G./ 

T.A. 

+125°F 

1740 

1305 

1770 

5.0 

640 

750 

48.2 

1072 

4 

4 

Oct 

G.G./ 

T.A. 

-29°F 

700 

400 

890 

9.8 

385 

485 

79.0 

806 

5 

5 

Oct 

G.G./ 

880 

445 

875 

8.4 

420 

500 

77.5 

722 

T.A. 

-29°F 


m 


The  tost  data  for  each  run  was  induced  to  approximately  thirty  (30) 


data  points  for  pressure  and  temperature  to  calculate  the  gas 

i  \ 

horsepower.  Figures  7  through  12"  show  the  gas  generator  perform¬ 
ance  in  gas  horsepower  and  chamber  pressure  for  the  five  (5) 
compatibility  tests.  The  required  levels  of  gas  horsepower  are 
shown  in  these  charts  by  dashed  lines. 

Run  1  -  G.G.  Cal. 

Data  shows  G.G.  #1  had  a  high  temperature  and  gas  horsepower 
during  boost  and  a  gradually  increasing  pressure  and  gas  horse¬ 
power  during  sustain.  Sustain  pressure  was  high  after  22  seconds. 

Run  2  -  G.G./T.A.  Amb. 

During  this  run  the  G.G.  temperature,  pressure  and  gas  horsepower 
were  high  during  boost.  Sustain  pressures  were  unusually  high 
and  stepped  down  100  psig  at  40  seconds,  then  gradually  decreased 
to  a  more  normal  level. 

Run  3  -  G.G. A*. A.  Hot 

Boost  pressure,  temperature  and  gas  horsepower  were  high.  The 
sustain  pressures  were  also  high  and  stepped  down  100  psig  after 
25  seconds,  then  gradually  increased  for  the  remainder  of  the  run. 

Run  4  -  G.G./T.A.  Cold 

0  .  - 

The  shape  of  the  boost  profile  had  a  marked  difference  than  any 
previous  test.  Boost  pressure,  temperature  and  gas  horsepower 
were  low  with  an  extended  saddle  between  ignition  and  burn.  The 
boost  time  was  unusually  iow.  The  sustain  temperature  and  gas 


horsepower  were  low  throughout  the  run. 
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G.G.  performance  was  essentially  the  same  as  Run  4. 

Conclusions 

In  conclusion  the  compatibility  tests  successfully  demonstrated 
the  POM  gas  generator  and  turbo?! ternators  are  at  a  design  level 
to  allow  system  integration.  Some  adjustments  will  be  required 
for  both  units  to  fully  meet  the  performance  requirements  under 
all  environmental  conditions. 


APPENDIX  H 

GARRET  COLD  TEMPERATURE  TEST  ANOMALY 
ROOT  CAUSE  ANALYSIS 


t-„  A KI-.1  -T\  ^  u -T  I 


6^  (grprMi-ft-AlP^  2  KocfT  ft-MAUXwl’b 

O'g.'SfcrC-TVOE^  : 

•  l_  ,-s.V  eAV  e_A-OV-*  -  ^to>a  A**A  e^oAo- 


$ 

1 

X 


» 


/\r^.l^£\S>,  po-s^iU«.  co-ove%  MaoA  clo^tt-e-S, 

h^o<^Uf-  A*- -A  V-o  u*t<vf  r**A  "- 

-'bup\>c^k<=L  S-O  IA^C<-  V''u<  r 

-  Ct-a.-c*^  ^^'^?.u  A^i^i-n 

-  FkouJ  JO  0-5:2;  L^  ■££f?0(^^  4  AFTEk.  (£»  (S ’Tfc.'S.T'i 

A-*.^k  ^.i-.^erfW  A-  l-^iov  VcoA 

-  XWc*«*~U  fAocl1^,  V<  **$vW  .rv\* 


\ 


V 


MM 


Jj  l\r{'  'V\>v  ^  ^-c »  -.r  •r  —  G»A fA  vJi  fsE  1  Ic-aV” 

0(if««&vt-\% 

kJo^L-ijA-C  “  G \N/^  lWv*  At*.,  AttwJvx  *^-o  *iV.n>*A  **  fC£X  l*ir\«  « 


®  A*\ 


0  _ 

•  TV*— XoW1^  “  G  K  nA  S''  l— ^  A*  |j 

'*~V  ^  x~«>— ^  z*.i  —  ’hi"  l1^*  •V*  -Vr»^*  a,  | '  ^  vs  RffX  %  ’*  !**■•  4  l| 

F i  •  G-G*  fc-EX  ~  opev\e&.  o»\  <srf\tf\  ^VtA  1 6kiV  t-o  >a*vs\  p  at- \  1 

L  ^  (  | 
j^j  •  N)-*_oj  oa.«A  §*<  S-NrN/\.  \-«.vV  *“  C.lo%ut-e  -Vr»-f  ,Avs.c  ,^e.  V  TrwVv»A*C  ^Vo^S  | 

•  "TV^rvvvocoopU*  —  .  ‘V'jf*  4  rvvsuvs V*1  iw  A "  "W^X^c  l'*«  V'-  cW*/| 

j  |  op»vv  VJS  Rex's  <s»U.\«AA*A.  -  V^p<  | 


G\KK  lli\#  Ai*-<  AswJ w  ■{'D  1kre^\  *  RRI  lm«  i\».  op»»*<  up  ^*^'*i 

f-\  c  *  C-O^  j ^^rArcAV-C  —  S^''jr°(^Cvvv~  W**  —  }  Ko**\\A  d**y  *s  3jl 


■4- 

to  rl 


}  r* 1 1 

r<  M  i  s 

J  f|  O  /  » 

P  <n  „  -  * 

6  J  A* 

S  ^ 

v  «  I 
lu 

V>  l  JJ 

'  4i\ 

1  \  j  ~ 

iur 

<r 

lit] 

2  4)  V)  ar 


n  o  . 

i-  w  A- 
•  (0  * 

<8  J.  * 

,  -A? 

t  jl  * 

&  •  •'• 
*  'T  L 


-o  vt 
"5  o 

T 

l  1 


"** 

**■  - 

-4  ^ 

2 

ii? 

9 

s* 

\9 

.M 

J  &  -  o 
?  v' *  2 
r’e  s 

*  i  H  »° 

o  *  f.  Ill 

! 

,-in*  f-  jf 

IL^jJ  - 

?«>'»  ‘ 

1  I  t  -i 

S  i?" 

v  t  .  c 

t  **  c>*  - 

G**  4*—  J 

,  ,  f  Oi 

J  id  « 

=5  i  r  * 

1^-1  , 

*  &J  J1 

j-j.il 

S  S  H 

*  *  f  4  X 


■  r’ 

*  ^ 
r  j;  a* 

•  ^  1 

®  •  * 
rTrf 

V>  ¥*  Jl* 

4.  a^TL 

3  -  L  J 
,  ;  J  i 

J  i  o  5- 

-  Si  J 

^  4"  _r 

\  ~ti  in  t 
1  £  2  w 


li.  d-  u 

*  sc  O 

j  ft  ^  i 

ij  •*'  £  “ 

J  j .  Cr  * 
«n  7-  12  u 

■  V*  o  a-  e? 

®  w  •  <  2 

-4  5 

S  5 

£.£.*£ 

:U~ 

.  «i  c-5 

^  4  j  a- 

t  5  f 

/  cLr 

^  . 

1  ^  f? 

V<f  |  • 

s-if-h 


£  ^ 
-3  o 

6  ^ 
* 

* 

i  /5 


z  .  a1 

o  w 

^  4)  i 


j*: 

4  r  <9 

s r  ? 

•  fll  o 


^0 

in 


>.  a. 

r 

*  l 

P  -r 


n  i  j 

?  n  J 

o  *• 

ja  f 

i  n  0 

.  I  ,  cO 

it  i* 

lL+  > 

j(  ir  <L- 
^  1  «  j 

1  i 

,  ,  r  ? 

j  j  i  J  u. 


7  ^  d 
»  ?  . 
5  <*  '• 

I  O  f 

•j  1  v  rj. 
I  v  i  <0 

•  ^  * 


tS  ^  S  I 

1  p"°  J 


*  J.  »*  *,  I  \  \  (  \ 


1  1> 


or  C.QU.fc>  Tl>vr  AvUbtA/\UX  -  r<.r>MT3>t.l.  c  A>U  oL1> 

0-\-^\  w  Av  V^OHYvoAv^ 

T«*\  't***»V*v.  ^.fr-A-c 

C&O^-V  Uv^*v %  *-»<VN  6tol.V  *ik«oA.^ 

drcA  { or  H\o\S^i>t-e_  U«*.'s>v^e  C.I  «ux«. 

Ls***^*-^.  ^<t>vs  \  A  S"\  ru  0-4- \  fryvv  ^orVi.  OT  «.  ^o > ^  VA'wJt 

C-» \k  OrA'Alfr'Mv'»J^  p^a.^-oA  S  C'6-®-  Viv>\\Av 
Loco  1-^NvVor  Ou\^ot 
No*2;*:\c.  r^Aoe^X  A\*v. 

’F\ow  (i*vVx^e\v»VN  V»vj  oAon^tvs*^  c.\^«-*-r  +k  TV.«-c*vufcc.oO|>Yr  or  \\*«.  Av *>».‘Vo 

^  oT.  Tt  \-«.  , 

G,  — -^v«k-rwV«W  ,fc>«L*»^K.  0  fv\  *  C.\»*o*e  ^v*C 

X^fs  Atoc 
Ti&e-c\  &ra-vvN. 


T **«.«.*  or  A,x»«."-V\  vi  Prror 


-^T^rtir+iirini  ft  TFi  n&w ,,.  ,y 


FMUURS'  l^fcACKTION  :  Go-rr^tV  Ca\i  Te>«f.  <£AU2>E  ‘P^O‘BKe.\U\TX 


IttfcACJCnON  :  Ga-ri^fr  Ca\d l  Te«~t>.  CMJiE  VXCT&P<£>\\-\'T X  EST>  hNAvTE. 


.-J'vvyX*  s4  111*! 


L,  I 

)  < 


U  i 
&  i  1 


l  '  ? 

t1 

i 


1  r « 

i  t  * 

£  A 

1  -o  - 


H  “f? 

I  \ 

II 


• 

0 

1 

c 

•K 

■* 

j: 

.1 

<- 

-i 

i 

r 

*- 

£U 

+ 

L 

3 

(0 

< 

0 

0 

“fl 

3 

o 

s  -*r  u 


-J  j- 


»  x  *i 


l  ^ 

«  c 

i 

2  if 

_<a 

C 

i. 

i 

ii 

4 

±  \,Q 

0 

4 

c*  1 

*-< 

0 

£ 

£ 

*  1 
O- 

T  o- 

!*.  ' 

«if  C 

c  S 

| 

"0 

i  •; 

— - 

<> 

£ 

V 

y» 

Jl 

* 

o 

L 

-a 

X 

-*  X 

4* 

?  - 

J 

.1 

4 

•1 

4  * 

/  i 

i  j 

v  “0 

0 

o 

** 

/ 

0  w- 

^  t 

0 

l* 

it 

i 

y 

0 

J 

-< 

* 

^  u 

—  0 

5  i 

X 

K  4- 

Jl 

A- 

4 

A- 

„  I 
/I 


.2  I 


fi  * 


HOhiCL  u.t  3^,10  NX 


A K.\v*_L.  G-/VL  C»k-f4l-/fcA‘T0K. 
Cou^  TE.tA\Ji  "TfeV\ 


3>  OrN\Vi>  i  “4  vj*.Vj-c.  ^<SAfy\  'WWc  ^ 

5  S^Es'X  «^a^cA  <-<»W  "•  °F 

~TVa»\  ^5.  1  S-A«NV  ^4-»<A\A(6y>.  rA~«A5rv»A  —  iL. ^5  *  F 

( CLC?  uj\V^ 


a 

a 


I 


;a 


"S.  *  *~  X—  °V  ejr^cV  \'Wft'yvck  \  k  “V:*»«**A.£rc4~«A  u*  c 

c_V\&-*>a.W*^  *nj \  r\o  \  c.*c-  C.w^\A,  \cc^ 


E  \J  e>.[u*-{  <.  V-o --A,  <Ac«Aft.  ;  c,*.  WAA  v.  sW  Ao*\v~*^  cu\b  A  ««,\  »r\. 


^>v'^  •  I  v<J  v  t^Vs  \  Vvs  ^  vt>  t)*»  A 


"T-**A  1-  r  (i-taVi  i «-vA  -  G-ANA.  'Vv»-a,v^,jk  HoVi.-c  ^ 


"T^A  X  \  O-w^Vm-^wTA  —  fc£.X  s'  *tt»-A-,^«<-  A'utie  ^  AJiilC; 


